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74. TWINNING IN CATTLE 


By A. C. T. HEWITT. 
State Research Farm, Werribee, Victoria, Australia. 


THE occurrence of twins in cattle breeding is fairly common, but only rarely 
do cows give birth to triplets and quadruplets, though cases are on record 
where triplets and quadruplets have been born and reared (1). The apparent 
rarity of multiple births in cattle is largely due to the fact that breeders have 
bred sparingly from twins and have encouraged the factors for desirable beef 
and dairy qualities rather than those bringing about multiple births. In con- 
trast, multiple births are definitely encouraged among British breeds of sheep, 
while with pigs it is an essential character for a sow to bear large and strong 
litters. Among horses, however, multiple births are even more rare than among 
cattle, and they are discouraged. 

From the careful studies which have been made of twinning in human 
beings it would appear that the tendency to twinning is inherited. Little in- 
formation is, however, available with regard to the inheritance of twinning in 
cattle. The present investigation has been undertaken with the object of 


ascertaining the extent and mode of inheritance of twinning in cattle, and of 
studying certain related aspects of the subject, such as the occurrence of free- 
martins and of like-sexed twins, the relative birth weights of twins and single 
calves, the influence of the season of the year on twinning, mortality among 
twins and the relation of twinning to the age and period of gestation of the dam. 


SOURCE OF DATA. 


Data have been secured from the breeding records kept by the Victorian 
Department of Agriculture. Records relating to the Victoria stud of Red Poll 
cattle are available for the past 24 years, while those relating to the stud of 
Friesian cattle extend back for 15 years. 


THE INCIDENCE OF TWINS. 


In the Red Poll stud 1260 births have been recorded and of these twenty- 
six have been twins, equal to one twin birth in every forty-eight births. Two 
hundred Friesian births have been recorded and of these six have been twins, 
equal to one twin birth in every thirty-three births. The occurrence of twins 
has been considerably above the figure (one in eighty) quoted by Hammond @) 
as being the normal proportion. This high proportion is probably due to the 
presence of twinning strains (see p. 104). There have been no triple or quad- 
tuple births recorded in either of these studs. 
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THE SEX RATIOS. 

Of the twenty-six pairs of Red Poll twins, four were twin bulls, fifteen were 
bull and heifer twins, and seven were twin heifers; and of the six Friesian 
twins, two were twin bulls, three were bull and heifer twins, and the remaining 
pair were twin heifers. These are tabulated in Table I. The preponderance of 
odd-sexed twins in these records supports the view that identical twins (?.e. 
thog arising from a split ovum) are relatively infrequent in cattle. 


Table I. The sex ratios. 


Sexes of twins 





% 
Bulls Bull and heifer Heifers 
Red Poll 4 15 7 
Friesian 2 3 1 
Total 6 18 8 


THE FREEMARTIN. 


From Table I it will be observed that there have been fifteen Red Poll and 
three Friesian freemartins. Twelve of the Red Poll freemartins have been 
reared to maturity, and all were found to be barren. Only one of the Friesian 
freemartins was reared to maturity, and she proved fertile and was the heaviest 
producer of milk and butterfat in the herd. Her average mature equivalent 
of production is 18,380 lb. milk, 3-44 test, and 632 lb. butterfat. 

With one exception all the twin bulls that have been reared have been used 
or sold as stud bulls. The one exception—a Red Poll—was not visibly entire. 
One twin Red Poll bull and three twin Friesian bulls have been successfully 
used as stud bulls in the herds under investigation. 

The freemartins at birth appear to be normal heifers, but by examining the 
udders and teats of the freemartin at 3 or 4 months old, it can usually be 
ascertained which freemartins will be breeders and which will be barren. The 
udder and teats of the barren freemartin make practically no development 
after birth, conspicuous by the teats remaining the same size and the absence 
of “leather” in the udder. As the barren freemartin becomes older the non- 
development of the udder and teats becomes more and more conspicuous; she 
does not reach puberty at the normal age of 5-9 months, as shown by the 
absence of the three-weekly oestral periods; and she becomes more and more 
like the steer in her general conformation and absence of sexual impulses. 


LIKE-SEXED TWINS. 

Very little data on the like-sexed twins are available, but all the like-sexed 
twins have been as easily distinguishable from one another as ordinary herd 
members. The birth weights of two pairs of like-sexed twins are shown in 
Table IT, and although Cutty’s twins only differed by 6 lb. in birth weight they 
differed greatly in general conformation. Victoria Royal Blue’s twins were also 
very dissimilar. 
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In only one instance are the standard milk and butterfat records (as ob- 
tained under the conditions at Werribee) of twin heifers available, and their 
average mature equivalents of production are shown below: 

Gelderlana A: 10,757 lb. milk, 3-88 test, 413 lb. butterfat. 
Gelderlana B: 8,872 lb. milk, 4-42 test, 384 lb. butterfat. 





























Gelderlana A was a high producer of milk and butterfat with a low test, while 
j Gelderlana B was an average producer of milk and butterfat with an average 
‘ test. 
1 From the general external characters and the few characters that have 
been measured, it appears that all the like-sexed twins born in the Depart- 
mental herds have been fraternal and not identical twins, 


BIRTH WEIGHT OF TWINS. 


The birth weights of only four pairs of twins—all Red Polls—have been 
recorded and they are shown in Table II. Victoria Cutty Spark’s twins were 
premature and hence they were small, otherwise the twin calves were all strong 
normal calves and were only slightly below the average weight of single calves. 

3 The average birth weights of Red Poll and Friesian single calves are tabulated 
2 in Table III. 
g Table II. The birth weights of twin calves. 





Larger twin Smaller twin 
a eee 
Dam Sex Weight (Ib.) Sex Weight (lb.) 
Cutty ... aa Heifer 66 Heifer 60 
Victoria Royal Blue - 70 ig 58 
Victoria Cutty Spark Bull 54 a 43 
Victoria Cutty Sulu a. 73 a4 60 


Table III. Average birth weights of single calves. 








Red Poll Friesian 
; ‘ F = 
Sex of calves Number Weight (1b.) Number Weight (Ib.) 
Bull 123 77-7+0°9 29 91-7+1-6 
Heifer 118 72:0 +0-9 30 85-5 +1-6 





It will be observed from Table III that bull calves are from 5 to 6 lb. 
heavier at birth than are heifer calves, and that Friesian calves are approxi- 
mately 14 lb. heavier than Red Poll calves. 


Saad iliceps eels ck 


THE MORTALITY AMONG TWINS. 


e 


The percentage of twin calves reared does not differ greatly from that of 
single calves, as shown by the figures in Table IV. 


Table IV. The percentage of calves reared. 


Percentage reared 





Total Red Poll calves 81-2 
Red Poll twin calves 75-0 
Total Friesian calves 79-0 


Friesian twin calves 83-0 
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These figures exclude abortions, and all calves that have died or been de- 
stroyed on account of being undersized or delicate. Over the whole period 
losses from abortion alone have been slightly over 9 per cent. of all calves 
born. During the past 5 years, however, the losses from this cause have been 
reduced to 6 per cent. Only two pairs of twins—both Red Polls—have been 
aborted and this is just over 6 per cent. of all twins dropped. A much larger 
percentage might have been expected on the assumption that a twin pregnancy 
is a greater drain on the resources of the dam, but this evidently does not 
reduce the resistance of a cow against abortion. 


TWINNING STRAINS. 

In the Red Poll herd two families have borne half the Red Poll twins. They 
are the Connecticut and Virginia families. In the Connecticut family, Cutty 
has had twins thrice, Victoria Cutty Sulu, a daughter of Cutty, has had twins 
four times, and Victoria Cutty Spark, a granddaughter of Cutty, has had twins 
twice, although only once in the Departmental herd. The occurrence of twins 
in these two families is shown in the following genealogical trees. The number 
in brackets following the name represents the number of twins each cow has 
had. The names underlined are the cows while the names not underlined are 


the sires. Longford Major 
War Wings ( Nicotine 
Avesia (2) 
Birdseye ( 0 


Nicotine 


Tabacum 


Nictitana (1) Virginia (1) 


Victoria Volcano 
Victoria Cutty a Belligerent 


Cutty Sark (0) Nicotine 
Connecticut 


Victoria Cutty 
Sulu (4) Vice Regal 


GESTATION PERIOD OF TWIN PREGNANCIES. 
In Table V are shown the average gestation periods for male, female and 
twin pregnancies for both Red Poll and Friesian breeds. 


Table V. Gestation periods for Red Poll and Friesian cows 
carrying male, female and twin foetuses. 








Red Poll Friesian 
Foetus j ‘ ~ y A ~ 
carried Number of Gestation period Number of Gestation period 
by cow pregnancies (days) pregnancies (days) 
Male 412 285-9 40-5 58 282-9 +0-9 
Female 376 285-0 40-5 65 282-5 40-6 
Twin 22 277-4 +2-4 3 272-7 +50 


It will be noticed that the gestation period for twins is 8 days shorter in the 
case of the Red Poll, and 10 days shorter in the case of the Friesian, than for 
single pregnancies. The average gestation period for Friesian cows is approxi- 
mately 3 days less than for Red Poll cows. The average gestation period for a 
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cow bearing a bull calf is less than one day longer than that for a cow bearing 
a heifer calf. It is commonly believed that a cow that “goes over her time” 
will drop a bull calf, but the differences in the gestation periods shown in 
Table V are not sufficient to support this belief. 

The disparity between the totals given in Table V, and the total births 
given on p. 101, is accounted for by many of the births following on paddock 
matings, the actual dates of which are not known. 


THE AGE OF THE DAM. 

There appears to be no definite age at which a cow is most likely to drop 
twins. Results tabulated in Table VI show that the percentage of twins in- 
creases with the age of the cow. In this table the age of the cow is expressed in 
number of calvings. No heifers have dropped twins at their first calving, a 
small percentage of cows have dropped twins at their second calving and this 
percentage has increased irregularly at each successive calving. Many of the 
longest lived cows have had twins on one or more occasions, and it appears that 
some of the characters contributing to the character for twinning also contri- 
bute to the characters for long life and fertility. Long life and fertility cannot 
very well be separated when discussing dairy cattle because, immediately a 
cow becomes infertile or barren, she is marketed for slaughter. 

The three longest lived Red Poll cows have been Virginia, Cutty and 
Nictitana. Virginia at 19 years old and at her fifteenth calving gave birth to 
twins; she was marketed for beef 12 months later. Cutty and Nictitana re- 
mained fertile and productive to the ages of 17 years, and both had had four- 
teen calvings and were the dams of twins. Cutty bore twins on three occasions, 
at 7, 14 and 15 years old, while Nictitana bore twins once at 7 years old. 


Table VI. The number of single and twin calvings of cows at different 
ages (expressed in calvings) and the percentage of twins dropped. 


Age of cow (calving) Ist 2nd 3rd 4th Sth 6th 7th 8th 
Red Poll 
Total calvings 400 261 180 = 130 92 70 47 31 
Twin calvings 0 3 5 3 0 3 2 1 
Percentage of twins 0-0 1-2 2°8 2°3 4:3 4:3 4-2 32 
Friesian 
Total calvings 56 38 31 23 20 14 8 5 
Twin calvings 0 2 0 0 0 3 0 
Percentage of twins 0-0 5:3 3-2 0-0 0-0 0-0 37:5 0-0 
Total percentage oftwins 0-0 1:7 2:9 1-9 3:6 36 8691 2-8 
—-both herds 
Age of cow (calving) 9h 10th Ilth 12th 13th IM4th = 15th 
Red Poll 
Total calvings 19 12 6 4 4 3 1 
Twin calvings 1 1 0 1 1 0 1 
Percentage of twins 53 83 ©6000) 250 25-0 00-0 100-0 
Friesian 
Total calvings 2 2 1 os = -- 
Twin calvings 0 0 0 -- — oa a 
Percentage of twins 00 O00 00 — — — — 
Total percentage oftwins 4:8 71 00 250 250 0-0 100-0 


—both herds 
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THE EFFECT OF SEASON OF THE YEAR ON TWINNING. 


Twin calves have been dropped during all seasons of the year in fairly equal 
proportions, as shown in Table VII, indicating that the season of the year has 
no influence on twinning. 


Table VII. Total calves and twin calves dropped 
during the different seasons of the year. 


Season a Spring Summer Autumn Winter 
Red Poll 
Total calvings 371 344 251 338 
Twin calvings 6 a 6 7 
Friesian 
Total calvings 84 35 30 51 
Twin calvings 1 3 0 2 


TWINS AND MILK AND BUTTERFAT PRODUCTION. 


The average mature equivalent of milk and butterfat production in 273 
days of the twins, the dams of twins, and all other cows, tested in both herds 
under the conditions governing the Standard Herd Test of Victoria, have been 
worked out and are tabulated in Table VIII. All the records are corrected for 
age, to make them comparable. Correction factors worked out by the writer (3) 
have been used to correct the Red Poll cow’s records, and correction factors 
worked out by Gowen (4) have been used to correct the Friesian cows’ records. 


Table VIII. The average mature equivalent milk and butterfat records of twins, 
dams of twins, and all other cows in the Red Poll and Friesian herds, indi- 





cating a possible correlation of twinning tendency and high production. j 
Milk Butterfat Butterfat 
Red Poll cows No. Ib. % Ib. 
Twins ove 4 9,623 4-46 418 
Dams of twins 18 9,407 4:44 408 
All others 233 8,398 4-37 359 
Whole herd 255 8,488 4:38 363 
Friesian cows 
Twins - 2 15,750 3-45 547 
Dams of twins 5 12,636 3°58 452 
All others 44 10,825 3°59 414 ‘ 
Whole herd 51 11,196 3°58 423 a 
It is interesting to note that the twins and the dams of twins have been ; 


consistently heavier producers of milk and butterfat than have been the 
ordinary herd members, and it appears that there may be a close association 
between the genetic characters for multiple births and those for high milk and 
butterfat production. Possibly some of the factors contributing to the cha- 
racter for high milk and butterfat production also contribute to the character 
for multiple births. 
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SuMMARY. 


1. The incidence of twins has been one twin birth in every forty-eight Red 
Poll births, and one twin birth in every thirty-three Friesian births. 

2. So far as is known no identical twins have been dropped. 

3. Thirteen of the fourte-n freemartins reared have been barren. 

4. The birth weight of twin calves has been only slightly lower than that 
of single calves. Bull calves have been approximately 6 lb. heavier than heifer 
calves. 

5. The mortality amongst twins is approximately equal to that amongst 
single calves. 

6. Twinning appears to be inheritable and to run in strains. 

7. The gestation period of a cow bearing twins has been from 8 to 10 days 
shorter than that of a cow bearing a single calf. 

8. The percentage of twins dropped increased as the age of the dam at 
calving increases. 

9. Twinning is not influenced by the season of the year. 

10. The twins and dams of twins have been consistently heavier producers 
of milk and butterfat than the other herd members. 

11. There is some evidence to suggest a close genetic relationship between 
the following three characters: (i) multiple births, (ii) high milk and butterfat 
production, (iii) long life and fertility. 
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75. THE NUTRITIVE VALUE OF PROTEINS FOR 
MILK PRODUCTION 


III. THE DETERMINATION OF THE AMINO ACIDS 
OF VARIOUS FEEDS 


By SAMUEL MORRIS. 
The Hannah Dairy Research Institute, Kirkhill, Ayr. 


In the two previous papers of this series(1, 2) the importance of an adequate 
supply of lysine and tryptophane in the production rations of lactating cows 
has been demonstrated. Moreover, it appears possible that other essential 
amino acids, e.g. cystine, may also, under certain conditions, constitute limit- 
ing factors in the utilisation of food protein. For this reason it is essential that 
adequate information should be available regarding the amino-acid content of 
the more common feeds. Previous work on British feeds has been limited to 
grasses and root crops(, 4), the proteins being isolated from the feed prior to 
Van Slyke analysis. Where the amino-acid composition of a complete ration 
has been required, it has been necessary to rely mainly on figures relating to 
feeds of American origin (5,6, 7,8). It appeared desirable, therefore, to carry 
out amino-acid analyses on a representative selection of British feeds, as well 
as on certain typical imported protein concentrates. 


METHOD OF ANALYSIS. 


The method used was a modification of that given by Hamilton et al. (7), the 
analysis being divided into two parts, (a) preliminary treatment of feed to 
obtain the amino acids in a state suitable for the Van Slyke analysis, and 
(b) quantitative estimation-of the basic amino acids. 

The preliminary treatment of the feed consists in the extraction, by various 
solvents, of the non-protein nitrogen, fats, carbohydrates and minerals, which 
would otherwise interfere with the Van Slyke determinations. The essential 
features are as follows: 

(1) Extraction of the non-protein nitrogen from 16 g. of the food (except 
in the case of those materials which had a very low percentage of nitrogen, 
when 30 g. were used) by means of ether, alcohol and 2 per cent. trichloracetic 
acid. The ether extraction was carried out in the Soxhlet apparatus at 38° C., 
four extractions, for a total period of 48 hours, being sufficient. The alcohol 
extraction was also carried out at 38°C., four extractions again being sufficient 
to extract all the alcohol-soluble nitrogen. Finally four extractions with 2 per 
cent. trichloracetic acid insured practically complete extraction of non-protein 
nitrogen, the small amount of protein dissolved in this solvent being recovered 
by precipitation with colloidal ferric hydroxide. 
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(2) The major portion of the proteins was removed by four extractions 
with cold 1 per cent. NaOH for a total period of 48 hours, the residue being 
washed with cold ammonia-free water after each extraction. 

(3) Removal of the starch was accomplished with hot 2 per cent. tri- 
chloracetic acid, three extractions being necessary. The starch was removed 
by alcohol and added to the extract from (2) after removal of the protein by 
colloidal iron. 

(4) The residue was then boiled for 3 min. with 250 c.c. of 20 per cent. HCl, 
filtered, washed, and again treated with HCl, two extracts being sufficient. 

(5) The residue was extracted three times, for a total period of 72 hours, 
with cold 5 per cent. NaOH. 

The total protein is present in (a) the colloidal iron precipitate, (b) the dilute 
alkali, (c) the filtrate from the alcohol precipitate of the starch, (d) the 20 per 
cent. HCl extract, and (e) the 5 per cent. NaOH extract. From this point the 
method is the same as given by Hamilton et al. (7). 

The main points of difference between the two methods of extraction are 
(1) the use of warm ether and alcohol, whereas Hamilton et al. recommend 
extracting with cold reagents but for longer periods, (2) the use of 2 per cent. 
trichloracetic acid instead of 1 per cent., and (3) the use of 1 per cent. NaOH 
instead of 0-2 per cent. A considerable saving in time was effected by using 
these modifications. A further modification was adopted in the separation of 
the basic diamino acids. Instead of decomposing the phosphotungstates by the 
amyl alcohol-ether method, they were dissolved in very dilute alkali, and the 
phosphotungstic acid was separated by barium chloride. Arginine was esti- 
mated by Plimmer’s method (9), sulphur by Denis’s modification of Benedict’s 
method (10), and histidine and lysine calculated according to Van Slyke’s 
original method (41) with the modified formula for histidine nitrogen(7). All 
analyses were carried out in duplicate. 
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RESULTS. 


The results of the analyses are summarised in Table I. For comparison, the 
results obtained by Hamilton et al.(7) for American feeds are also included (in 
italics) in this table. Before discussing the significance of the figures relating 
to individual amino acids, two points may be noted. In the first place the 
duplicate determinations carried out on each feed gave practically identical 
results. In the second place the American figures show a very close agreement 
with those recorded in the present investigation. These facts indicate that the 
values recorded may be accepted with considerable confidence. At the same 
time they show that the amino-acid composition of any given feed, irrespective 
of its country of origin, is relatively constant. 

As regards individual amino acids, it has been shown in the previous 
papers (1, 2) that the content of lysine is probably the most important limiting 
factor in the utilisation of a food protein for milk production. For this reason 
the feeds have been arranged in descending order of lysine content, the figures 
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for dry skim milk being placed at the head of the table for ease of comparison. 
It will be seen that only the first seven feeds (comprising blood meal, meat 
meal, beans, and peas) have a lysine content comparable to that of milk. 

The relation of the cystine content of the individual feeds to their value 
for milk production is complicated by the fact that the two values recorded in 
Table I for the cystine content of dried milk vary widely (2.e. 2-04 and 1-25 per 
cent.), although the values for individual feeds show good agreement. Moreover, 
independent weighted calculations based on the cystine content of casein and 
of lactalbumen indicate a value of about 0-6 per cent. Since the basis for 
calculating the cystine requirement for milk production is itself insecure, no 
definite conclusions can yet be drawn with regard to this amino acid. 

Milk contains less arginine than the majority of the feeds examined. On the 
other hand the histidine content shows wide variations, from 0-49 per cent. 
with straw to 8-53 per cent. with blood meal. Most of the feeds have a lower 
content than milk, and it might appear that this amino acid could, under 
certain conditions, constitute a limiting factor for milk production. If, how- 
ever, arginine and histidine are considered interchangeable (and there is strong 
evidence for this view), the sum of the two amino acids places the content for 
practically every feed above that for milk. 

As regards tryptophane, it appears from the work of Burr and Gortner (12) 
that a rough estimate of the content of this amino acid may be obtained from 
the percentage of insoluble humin, which is assumed to be formed by the con- 
densation of the indole nucleus. Although the figures given in the table cannot 
be considered accurately quantitative, it is noticeable that meat meal is very 
deficient (0-63 per cent.), while oat straw has a remarkably high content (over 
14 per cent.). The soluble humin is probably the major portion of the tyrosine 
fraction. Here also large variations are found, from 0-10 per cent. with beans 
to 3-09 per cent. with oats. Tyrosine cannot, however, be considered a likely 
limiting factor for milk production, since only 1-73 per cent. of the total 
nitrogen of milk appears as soluble humin. 

The exact réle played by the non-protein nitrogen of the food is at present 
unknown, though it has been definitely established that ruminants can make 
use of this source of nitrogen. It will be seen from Table I that marked varia- 
tions occur in the non-protein nitrogen content of the different feeds. Thus 
meat meal contains less than 4 per cent., linseed and beans contain from 8 to 
16 per cent., while oats contain nearly 20 per cent. As regards monoamino 
acids, accurate knowledge of their importance is again lacking, though the 
majority of such amino acids are considered to be capable of synthesis within 
the animal body. It may be noted that the total nitrogen of the monoamino 
acid fraction is relatively constant for all the feeds investigated. 
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112. The Nutritive Value of Proteins for Milk Production 


SUMMARY. 


1. A modification of the method for estimation of the amino-acid content 
of foods is described. 
2. A series of analysis of the more important cattle foods is given. 
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76. VARIATIONS IN THE SOLIDS-NOT-FAT 
CONTENT OF MILK. I AND II 


By 8S. BARTLETT. 


National Institute for Research in Dairying, 
University of Reading. 


(With 4 Charts.) 


Tue chief object of this work is to supply certain information as to the normal 
variations in the composition of milk, particularly the solids-not-fat content 
which may be of value to those interested in the production of milk. 


MATERIAL. 


(1) Most of the data used are records of the yield and composition of the 
milk of individual cows in the herd of the National Institute for Research in 
Dairying. Regular sampling of the milk of every cow was started in January, 
1922, and tests of the fat content have been made on three consecutive days 
in each calendar month since that date. Tests of the solids-not-fat content of 
the milk of each cow have been made for one day each month since 1923, and 
in the course of the ten years under review (1923-32) records have been col- 
lected for about 300 complete lactation periods, involving solids-not-fat tests 
for about 10,000 milk samples. 

The herd management which was described in a previous publication (1) has 
remained remarkably constant throughout, and no important changes have 
occurred in the herd supervision or the farm staff. The conditions are typical 
for well-managed herds in the south of England. The herd has been kept free 
from tuberculosis and infectious abortion, while a low incidence of sterility, 
and udder troubles has been maintained. Most of the herd suffered from an 
epidemic of husk during June and July, 1930, three cows being severely 
affected. This was the only occurrence of the disease in the milking herd and 
it yielded to preventive measures or otherwise disappeared. The herd consists 
of two breeds of cattle, about 80 per cent. being Dairy Shorthorns and 20 per 
cent. Guernseys. 

(2) Other data used for this work include some of the records of the com- 
position of mixed milk collected in the “Investigation on the milk of a typical 
herd of Shorthorn cows” 2). This herd consists of ten of the Shorthorn cows 
in the Institute herd, which since October 1928 have been kept under more 
standardised conditions than the remainder of the herd. 

(3) A number of short period experiments have been utilised and a brief 
description of these is included with the results in the text. 

(4) The records for fat percentage of the monthly milk samples noted under 
paragraph (1) above were obtained by the Gerber method and the figures for 
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solids-not-fat were calculated by Richmond’s formula, using the fat percentage 
and the specific gravity of the milks. The latter has been generally regarded as 
a good approximate method, but some of the limitations were noted in a 
previous paper (3). Because of these limitations it became necessary to verify 
some of the conclusions in this paper, by comparing with analyses obtained 
by gravimetric methods. 

METHODS. 

The methods of classifying the data are noted in the various sections of the 
paper. In some of the tables the usual tests of statistical significance may be 
applied by using the standard errors. 

In addition some indication of the possibility that the differences are due 
to chance may be gained from the regularity and smoothness of the error. 

At an early stage of this work it was necessary to decide which of the fol- 
lowing methods was most suitable for expressing the concentration of solids- 
not-fat in milk: (i) the percentage by weight of solids-not-fat in a given weight 
of whole milk, or (ii) the percentage by weight of solids in a given weight of 
fat-free milk. The first method is employed almost universally in the dairy 
industry, but there is reason to believe that it is not the best method for studies 
in milk secretion. Preliminary work indicated that the second method would 
yield results freer from complications, and this method was adopted in spite 
of the additional calculations involved. 

The method of calculating the percentage of solids in the fat-free milk is 


S 


0 ; : ‘ 
by the formula aon , where Fis the fat percentage and S is the solids-not-fat 


percentage of the original milk. Thus, if the composition of a sample of milk by 
the usual chemical tests is found to be 4 per cent. of fat and 9 per cent. of 
solids-not-fat, the concentration of solids in the fat-free milk is 


100 x 9 
100-4 


It will be observed that this method increases the percentage figure repre- 
senting the concentration of solids-not-fat in milk, and in the example quoted 
the original 9 per cent. of solids-not-fat becomes 9-375 per cent. of solids in the 
fat-free milk. This change in mode of expression accounts for the fact that most 
of the percentages noted in this work are higher than the values usually ac- 
cepted for the solids-not-fat content of normal milk. 


= 9-375 per cent. 


Part I. THE INFLUENCE OF THE ACT OF MILKING 
ON THE COMPOSITION OF MILK. 


The composition of milk immediately after its synthesis in the udder is not 
necessarily the same as its composition at the time of withdrawal at milking. 
This difference in composition may be affected by variations in the process of 
milking. Certain aspects of this subject were therefore considered. 
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Composition of first and last drawn milk. 

It is well known that when milk is drawn from the udder of a cow the 
first drawn is poor in fat, and the last drawn, or “‘strippings,” is almost in- 
variably rich in fat. One theory put forward to account for this is that the fat 
tends to rise by gravity to the upper parts of the udder reservoir, and is there- 
fore drawn last in the milking process. This theory is partially discredited by 
the fact that the same phenomenon occurs in humans (4), while Gaines (5) ob- 


_— tained strippings very rich in fat from a goat which had been turned on its 
' back and the udder massaged before milking. A second theory is that the fat 


globules pass through the minute milk ducts less freely than other portions of 

the milk. Gaines() by comparison with the passage of milk through filter 
paper obtained slight support for this. The facts may be partially explained 
by the acceptance of both these theories, although they cannot, at present, be 
considered to supply the full explanation. 


Regarding changes in the other constituents of milk during the progress of 
i a milking, Isaachsen (6) states that the percentage of all constituents other than 
fat tends to fall during milking, and his conclusions are supported by Kotha- 
vala(7). If, however, in the results reported by these workers, the composition 
| oF of successive fractions of milk is expressed as the concentration of the various 
e constituents in fat-free milk, there is little to suggest a decrease in the concen- 
: tration of the non-fatty constituents as milking progresses. 
i § In this connection the following tests are of interest. Two perfectly healthy 


cows, yielding about 25 lb. daily, were milked in three portions: (1) a small 
portion from each teat, making about half a pound in all, (2) most of the re- 
mainder of the milk, and (3) the strippings (about 2 lb.). This procedure was 
followed at one evening and morning milking, giving four complete milkings 
B in all. Each sample was tested for fat by Gerber’s method, the solids-not-fat 
3 were calculated by Richmond’s formula, and the lactose determined polari- 
metrically. The solids and the lactose concentrations in the fat-free milk are 


shown in Table I. 


Table I. The solids-not-fat and lactose content of 
jirst and last drawn milk. 





7 No. of % solids in % lactose in 
samples fat-free milk fat-free milk 

Ist portion + 9-33 5-010 

2nd portion 4 9-44 5-071 

Strippings 4 9-54 5:110 


The figures suggest only a slight increase in concentration as milking pro- 
gresses and it appears reasonable to conclude that the fat-free portion of milk 
remains in comparatively constant concentration throughout milking. 


Composition of milk after long and short milking intervals. 
When the intervals between the milking of cows are equal the yield and 
composition of the milk tends to be similar. A long interval between milkings 
decreases the percentage of fat yielded in the milk. The rate of secretion of 
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milk and fat during long and short milking intervals is discussed in some detail 
by Bartlett(1, 8). Campbell(9) has shown that when cows are milked at equal 
intervals a slightly greater quantity of milk of lower fat content is obtained at 
the morning milkings. The differences found by Campbell, however, are small 
when compared with the differences resulting from changes of one hour in 
milking intervals. There is no satisfactory explanation of the low fat content 
of milk drawn after a long milking interval, but the reason probably has 
some connection with the varying fat content of first and last drawn milk. 
Hammond (10) found that a quantity of very rich milk could be drawn from a 
goat immediately after milking as a result of an injection of pituitary extract. 
The extract appeared to bring about a more complete emptying of the udder 
than occurs in normal milking. If the amount or quality of this milk which is 
retained in the udder tends to vary under different milking conditions, it will 
obviously affect the quantity or quality of milk drawn at milking time. In 
order to test this an estimate of the milk residues in the udders of freshly 
milked cows was made by an additional milking carried out one hour after the 
normal milkings. Four cows were selected and the residues were obtained from 
two of them after an evening milking and from the other two after a morning 
milking. A week later the arrangement was reversed so that the residues from 
four evening milkings and four morning milkings of the same cows were 
available. The average quantity of milk drawn at the additional milkings was 
the same, 7.e. 0-44 lb., after evening and morning milkings, but the average fat 
content was 9-0 per cent. after the morning milkings and 7-5 per cent. after the 
evening milkings. This result agreed with previous observations made by the 
writer that, while first drawn morning’s milk tends to be very poor in fat con- 
tent, the last drawn is exceptionally rich; also that evening milk tends to show 
less variation in fat content between the first and the last drawn portions. 
Kothavala (7) found that with high yielding cows the difference in fat con- 
tent between first and last drawn milk was greater than with low yielders. It 
is reasonable to conclude, therefore, that when udders contain a large quantity 
of milk before milking time, the portion retained by the cow is abnormally rich 
in fat content. The bearing of this conclusion on the secretion and release of 
milk is of particular interest when taken in conjunction with the fact noted by 
Bartlett (1) that cows with small udders, but a high rate of secretion, tend to 
yield a greater weight of fat at the evening than at the morning milking, while 
this condition is reversed when the yield is lower in later lactation. The inter- 
pretation of these findings is not easy because exact details of the mechanism 
of milk synthesis and release are imperfectly known. It is suggested, however, 
that differences in the fat content of the milk residues remaining in the udder 
of a cow after milking, and the partial recovery of these residues at the subse- 
quent milking, is one reason for the differences found in the fat content of 
morning and evening milks. The solids-not-fat content of milk produced after 
long and short intervals only shows slight variations. For example, in the 
report of a typical herd) milked twice daily at intervals of about 15 and 9 

















S. BARTLETT 117 


hours respectively, the mean content of solids in the fat-free morning milks was 
9-23 per cent. and in the evening milks 9-25 per cent., almost identical figures. 
It should be noted, however, that in the original report the concentration of 
solids-not-fat is expressed as the solids-not-fat percentage in the whole milk, 
the means obtained from these figures being 8-94 per cent. for the morning 
milks and 8-83 per cent. for the evening milks. The reason for the differences 
between morning and evening percentages of solids-not-fat is undoubtedly that 
evening milks have a higher fat content, which results in a greater diluting 
action. 

The chief points emerging from the data so far considered are (i) that milk 
as secreted by a normal cow tends to be of fairly constant composition, and (ii) 
that milk drawn at any single milking is not necessarily a true sample of milk 
as secreted. Differences between the composition of milk “‘as secreted” and 
“as drawn” are limited almost entirely to the fat content while the solids-not- 
fat is scarcely affected. The causes of variation in the composition of drawn 
milk may, therefore, be broadly classified as (1) those affecting the composition 
of milk as secreted, such as differences in composition of the blood, metabolism 
of the animals and activity of the secreting cells, (2) those affecting the release 
of milk from the udder at milking time, such as length of intervals between 
milkings, comfort of the cows during milking, efficiency of the milker, and pos- 
sibly the metabolic rate of the animal during milking time. 


Part IJ. THE LACTATION CURVE AND THE INFLUENCE OF 
VARIOUS FACTORS UPON IT. 


The normal lactation curve. 


The form of the lactation curve for the solids-not-fat content of milk is 
incompletely known, and the preparation of such a curve was regarded as the 
first essential in the analysis of the present data. 

Figures were available showing the solids-not-fat content on one day each 
month of 294 complete lactation periods of 8 months or longer. By suitable 
classification of these figures mean values were calculated of the solids content 
of the fat-free milk during each month of a lactation. The results are presented 
in Chart 1. Owing to the fact that the lactations were of different length and 
that the first test was made at varying periods after calving (from 5 to 34 days), 
it was necessary to adopt special methods in building up the early and late 
sections of the chart. The solids-not-fat percentage at 56 days after calving is 
the mean of all tests made between the 41st and 70th day after calving. Each 
subsequent point on the chart up to the 208th day is the mean percentage figure 
of each succeeding month. The first point on Chart 1, 7.e. 10 days after calving, 
was found by selecting all the cows in which the first test was made between 
the 5th and 15th day after calving and finding the difference between the mean 
value of this test and that for the same cows 30 days later. The second and 
third points, i.e. 20 and 30 days after calving, were calculated by similar com- 
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parisons, using records of cows in which the first lactation test fell between the 
16th and 25th days, or between the 26th and 35th days respectively. The shape 
of the resulting curve was remarkably smooth. Owing to varying lengths of 
lactation it was somewhat difficult to determine a satisfactory end-point, but 
it was eventually decided to regard lactations as ended when single daily 
milking commenced. The three points at the end of the lactation curve were 
obtained by calculating the mean value for the last test in all lactations and 
finding the difference between it and each of the three preceding months. No 
difficulty was found in joining this section to the main chart, and the general 
curve is believed to be a fair representation of a normal lactation curve for the 
herd of cows under consideration. 

The completed chart shows that, immediately after calving, milk is rich in 
solids-not-fat, but the concentration falls rapidly and a fairly constant level is 
reached about 40 days after calving. This level is maintained for most of the 
lactation period, but a continuous rise becomes evident over the last three 
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Chart 1. The concentration of solids in the fat-free milk throughout 
the lactation period. 


months of lactation. A point which is not demonstrated by the chart is that 
when cows are milked once daily a rapid decrease in the solids-not-fat content 
of the milk tends to occur. 

It is necessary, at this point, to note that solids-not-fat percentages, as 
estimated by Richmond’s formula, tend to be slightly inaccurate during the 
last month of the lactation. During this period the formula often yields results 
which are too low, but the errors are not serious until single daily milking is 
practised. It is probable, therefore, that if the percentages of solids-not-fat had 
been determined by gravimetric methods, there would have been a slightly 
greater rise of the curve in Chart 1 during late lactation. 


Interpretation of the lactation curve. 

The normal lactation curve of milk yield is well known, the usual form 
being an increase in daily yield for about 40 days after calving, followed by a 
gradual decrease until the cows become dry. 

The lactation curve of the fat percentage of milk is high just after calving, 
but falls rapidly to a minimum by the time of maximum milk yield. Thereafter 
it rises slightly for a time, and more rapidly in late lactation. The general form 
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of the lactation curve of fat percentage is therefore similar to that of the solids- 
not-fat, but the extent of the changes is proportionally greater with the fat. 

The changes in yield and composition of milk during the first month or so 
of lactation may be due to the sudden onset of secretion in a previously resting 
gland and the regular removal of milk from the udder which stimulates secre- 
tion. The great activity following regular milking might be expected to cause 
proliferation of glandular tissue for several weeks subsequent to parturition. 

These changes may be regarded as complete by the time that maximum 
yield and constant concentration of the milk solids have been attained, #.e. at 
about 40 days after calving. For several months after this time the composi- 
tion of milk tends to be remarkably constant. The decrease in milk yield during 
the lactation may be due to a gradual reduction in the number of functioning 
secreting cells. A rapid decline in yield may also be caused at any time if the 
health of the cow is affected or if the udder tissue becomes damaged by disease, 
inefficient milking or long milking intervals. Moreover, if the damaged udder 
tissue assumes a chronic pathological condition, the solids content of the milk 
may be reduced. 

The decrease in yield and increase in solids content during late lactation are 
influenced by the subsequent pregnancy, and will be discussed under that 
heading. 

The rapid decline in quantity and quality of milk which occurs when single 
daily milking is commenced may be regarded as due to the atrophy of the 
udder tissue which almost always accompanies long milking intervals. It is not 
suggested that single daily milking is a bad method of “drying off” cows; it is 
probably the least harmful method of checking secretion when it is desired to 
give the gland rest before the next lactation. 


The effect of age on the lactation curve. 


During the preparation of Chart 1 it became evident that the lactation 
curve varied with cows of different ages. Separate curves were therefore pre- 
pared for three age groups of cows, viz. first calvers, second calvers and older 
cows. These are shown in Chart 2 and Table II. The methods employed for 
building up the curves in early and late lactation were the same as those 
already described for Chart 1. 

The curves in Chart 2 show that the solids-not-fat content of heifers’ milk 
tends to be higher than that of older cows. There is least difference between the 
three age groups at 10 days after calving, but the differences increase as lacta- 
tion progresses. The curve for heifers shows relatively little decrease during the 
first 40 days, then remains constant until during the last three months, when 
there is a pronounced rise. Second calvers show a greater fall during the first 
40 days and a slight decrease continues till 238 days after calving; the rise in 
late lactation is less pronounced than with heifers. The curve for older cows 
shows a still more pronounced decrease during most of the lactation period, 
while the rise at the end is relatively small. The lactation curve of the milk yield 
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of heifers shows much less decrease with advancing lactation than is found in 
older cows, and the curve of fat percentage is somewhat similar to that of the 
solids-not-fat, i.e. heifers show a greater rise with advancing lactation, and 
the general level is higher throughout. 

It is not easy to account for the difference between the lactation curves of 
heifers and older cows, nor is it obvious whether the cause is associated with 
growth and development of young animals or to the fact that the udder is 
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Chart 2. Lactation curves of the solids content of the fat-free milk 
of cows of different ages. 
Table II. The solids content of fat-free milk throughout 
the lactation period. 
No. of days Ist calvers 2nd calvers 3calvesormore Cows of all ages 
After calving (93 cows) (64 cows) (137 cows) (294 cows) 
10 9-69 40-03 9-65 +0-04 9-62 +0-03 9-64 +0-02 
20 9-52 +0-03 9-40 +0-04 9-42 +0-03 9-44 +0-02 
30 9-47 +003 9-39 +0-04 9-34 +0-03 9-39 +0-02 
56 9-46 +0-03 9-35 +0-04 9-27 40-03 9-34 +0-02 
86 9-47 +0-03 9-36 -+0-04 9-27 +0-03 9-35 +0-02 
116 9-49 +0-03 9-32 +0-04 9-22 +0-03 9-33 +0-02 
147 9-47 +0-04 9-28 +0-04 9-22 +0-03 9-30 +0-02 
177 9-46 +0-04 9-27 +0°05 9-18 +0-03 9-29 +0-02 
208 9-46 +0-04 9-25 +0°05 9-18 +0-03 9-30 +0-02 
Before end of 
lactation 
76 9-48 +0-04 9-24 +0-05 9-20 +0-03 9-31 +0-02 
46 9-58 +0-04 9-31+0:05 - 9-29+0-03 9-39 +0-02 
15 9-81 +0-04 9-40 +.0-05 9:29 +0-03 9-48 +002 


functioning for the first time. The shape of the lactation curve of heifers may 
be regarded as partly due to subnormal secretion in early lactation caused by 
the discomfort and inflammation so common in heifers at this time. The fact 
that the animal is still in a state of rapid growth and vigorous health may 
account for the general higher level of solids content throughout the lactation. 


The effect of pregnancy on the lactation curve. 

It has been shown that the solids-not-fat content of milk tends to rise 
during the last few months of the lactation period and that this rise varies in 
cows of different ages. The next factor considered was the influence of pregnancy 
on the secretion of solids-not-fat. 
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As a preliminary, all the lactation records were selected in which the cows 
remained farrow throughout the milking period. Mean percentages of solids in 
the fat-free milk were calculated for each of the last eight months of lactation 
and these are shown in Chart 3. 

The lactations were classified in three age groups in the same manner as 
Chart 2, ¢.e. lst calvers, 2nd calvers and older cows. Comparisons may be 
made between the curves of Chart 2 and those of Chart 3, the important dif- 
ference between them being that most of the cows used for Chart 2 were “in 
calf” during part of their lactations while all those used for Chart 3 were 
farrow. This comparison shows clearly that the solids-not-fat content of farrow 
cows is not maintained at such a high level as that of pregnant cows; in fact the 
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Chart 3. The solids content of the fat-free milk of farrow cows during 
the last eight months of lactation. 


milk of second calvers and older farrow cows shows a decrease in solids-not-fat 
at the end of their lactation periods. 

The effect of pregnancy was studied in more detail by preparing curves of 
solids-not-fat content for each of the following groups of cows: 

Lactations in which the effective service occurred: 





Group (a) 41 to 70 days after calving. 
(6) 71 to 100 days after calving. 
(c) 101 to 131 days after calving. 
( 
( 





d) 132 to 161 days after calving. 
e) Lactations in which the cows remained farrow throughout the 
milking period. 





The mean monthly solids-not-fat content was calculated for the two months 
preceding effective service and, where possible, for 7 months after it. In the 
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case of group (e) the last 8 months of the lactation of barren cows is shown. 
The results are shown in Chart 4 and all available lactations were included 
regardless of age. 

It will be seen that for four months after effective service the trend of the 
lactation curves are level or slightly falling; by the fifth month, however, all 
the curves show a slight rise and this continues till the drying off period is 
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Chart 4. The solids content of the fat-free milk during pregnancy. 


reached. Barren cows on the other hand show a definite decrease which con- 
tinues throughout the lactation. Chart 3 therefore suggests that the concentra- 
tion of solids-not-fat in the milk of barren cows tends to be low in late lactation 
and Chart 4 shows fairly clearly that with pregnant cows the solids-not-fat 
tend to rise between the 4th and 5th months of pregnancy. From the practical 
point of view it will be obvious that herds in which sterility is common will 
experience greater difficulty in producing milk with a high percentage of 
solids. 

Brody and his colleagues (11), when reporting the effect of the stage of lacta- 
tion on the solids content of milk, observed that “In the farrow group the fat 
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and nitrogen do not seem to show the usual rise.” Hammond and Sanders (12) 
measured the influence of pregnancy on milk yield, and concluded that the 
yield was not influenced to any appreciable extent until about the 20th week 
of gestation, but after this time the milk yield showed a progressive decrease. 
Thus the reduction in milk yield at about half-term in gestation is accompanied 
by an increase in the concentration of milk solids, At about the same time 
growth of udder tissue and indications of secretion occur in pregnant heifers. 
Brody (11) has also observed a decrease in the percentage live weight increments 
of pregnant cows. It seems reasonably certain that these changes are due to 
physiological developments in the parent animal due to pregnancy, but a de- 
tailed discussion on the causes is outside the scope of this paper. 


SUMMARY. 


1. The solids content of fat-free milk shows little variation throughout the 
milking process, ?.e. first and last drawn milk are of similar concentration. 

2. Curves are presented showing the normal variation in the solids content 
of fat-free milk throughout a lactation period. These curves are influenced by 
the age of the cow and by pregnancy. 
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AUSTRALIAN butter exported to England is necessarily subjected to about six 
weeks’ cold storage before it reaches the consuming market. Its ability to 
maintain its quality in cold storage is therefore a matter of considerable eco- 
nomic importance for the Australian dairying industry. 

As the result of a gradual modification of butter factory practice in direc- 
tions shown by experience to yield the best results, Australian butter has 
attained a high standard of keeping quality. The butter, however, possesses a 
flavour which is less marked than that sought by a large section of the English 
market. 

In order to determine whether a stronger flavour could be used without loss 
of keeping quality, and because cases of deterioration during shipment still 
occur, it was decided to investigate the factors which control the keeping 
quality of the butter. Numerous investigations in other parts of the world 
have shown that there are many factors which may be concerned. The in- 
vestigation therefore became a matter of determining which of these known 
causes were important under the local conditions of manufacture. 

Seventy Victorian butter factories co-operated in the work by each placing 
a box of butter at our disposal for three months. These butters were graded by 
certificated graders and sampled. The samples were subjected to an extensive 
chemical and bacteriological examination designed to embrace all the factors 
likely to affect the keeping quality. 

The boxes of butter were stored at about 12° F.1 After three months they 
were removed, regraded, and again sampled, the samples being examined by 
the same methods as before. 

Before describing the details of the experiment, a résumé of the methods of 
butter manufacture generally used in Victoria may be of value to those who 
are not familiar with them. The butter is manufactured in factories with an 
annual output ranging from 100 to 2000 tons. In the summer the cream from 






























1 Butter sent to England is held at about this temperature in the ship’s hold. 
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each supplier is generally delivered every two days, the acidity of the bulk 
cream at the factory being about 0-4 per cent. expressed as lactic acid. In the 
winter the cream delivery may be as infrequent as twice a week, the acidity 
measuring as low as about 0-18 per cent. 

The cream is graded, and “neutralised,” most frequently with sodium bi- 
carbonate. An acidity of about 0-15 per cent. lactic acid is aimed at. The cream 
is then pasteurised. In most factories flash pasteurisers have replaced the 
batch type, as they have been found to give a distinct improvement in quality. 
The temperature of pasteurisation averages 190-195° F. The cream is shock- 
cooled to about 40° F. and held at that temperature overnight: 

Where batch pasteurisers are still used, the cream is generally heated to 
about 155° F. for half an hour. Bacteriological surveys of butter factories have 
shown that pasteurisation is generally very efficient, the count of flash pas- 
teurised cream on lactose agar being usually below 100 colonies per c.c. The 
cream is churned at about 46° F., washed, dry-salted with about 1-5 per cent. 
salt, worked to the correct moisture content, and boxed immediately. 

In the present investigation the butters were received in four groups at 
intervals of a few days. Their ages at the time of grading and sampling ranged 
from two to eight days, averaging six days. Appreciable bacterial contamina- 
tion from the triers used for grading and sampling was prevented by the 
following treatment: 

They were immersed in washing solution (soap and caustic soda) at 200° F. 
for 2 min., in clean water at 200° F. for 1 min., and then cooled under running 
tap water (300 organisms per c.c. on gelatine). They were then thoroughly dried 
with autoclaved sanitary paper. The triers were made of chromium or nickel- 
plated steel. 

Two samples were taken from each box. A large sample of about 200 g. was 
placed in a screw-top glass jar which had been rinsed with glass-distilled water 
and sterilised. A smaller sample intended only for chemical work was placed 
in a screw-top glass jar which had been rinsed with glass-distilled water and 
thoroughly dried. The samples were examined either within a few hours or 
after a few days’ storage at 5° F. 

The large samples were melted at 40° C. for the bacteriological examina- 
tions and the catalase test (Knudsen’s method). They were then held at 55° C. 
to allow the serum to separate from the fat. The serum was used for the catalase 
determination by an application of the method of Zaykowsky and Aleksejeff, 
and for the determination of titratable acidity and pH; the fat was used for 
peroxide and acidity determinations. The smaller sample was used for total 
analysis, for determination of water-soluble titratable acidity and for copper 
and iron determination. 
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BACTERIOLOGICAL INVESTIGATION. 


The following quantitative bacteriological tests were made on each butter 
before and after storage: 


Total count on lactose agar (pH 6-8) at 37° C. 

Total count on gelatine (pH 7-3) at 21° C. 

Liquefiers on gelatine. 

Yeasts on wort agar (pH 3-5). 

Moulds on wort agar. 

Acid and/or gas producers in neutral red. 

Lactose broth (pH 6-8) by 1/100 and 1/1000 c.c. 

Coliform organisms by gas production in peptone bile lactose gentian- 
violet broth (pH 7-8), using 0-1 c.c. of butter. 


The predominating organisms in each sample were examined microscopically. 

Results. Total bacterial counts before storage ranged from 100 to 1,600,000 
organisms per c.c. The distribution of the counts is indicated in Table I. The 
average counts before storage for the butters in each grade are expressed in 
Table IT. 


Table I. Bacteria, yeast and mould counts before storage. 


Gelatine plate count 
2 Yeast and mould 





No. of Agar plate r . 

butters count Total Liquefiers count 
14 Up to 2000 Up to 2000 Up to 100 Up to 10 
14 2000-5000 2000—15,000 200-500 10-30 
13 5000-—10,000 15,000-25,000 600-3000 30-100 
14 10,000—20,000 25,000-60,000 3000—10,000 100-200 


14 More than 20,000 More than 60,000 More than 10,000 More than 200 


Table II. Relationship between grade and bacterial count before storage. 


Average agar plate 


Grade count 
Choicest 12,000 
First 26,000 
Second 5,200 


The change in count during storage was very variable. The average ratios 
are given in Table III. In general the lactose agar counts decreased, while the 
gelatine plate counts and the yeasts increased. Coliform organisms and acid 
and gas formers disappeared during storage in some of the samples, but 
appeared in others. 

In removing the butters from storage, one-half of the boxes were allowed 
four days in which to thaw, while the other half were sampled after only two 
days at room temperature. The influence of this on the observed counts after 
storage is shown in Table III. 
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The lack of relationship between the change of grade during storage and the 
original gelatine plate counts is expressed in Table IV. Similar negative re- 
sults were obtained in comparing lactose agar counts, liquefiers, yeasts and 
moulds, and coliform organisms with the change in grade. The predominating 
morphological types revealed by microscopic examination of Gram-stained 
preparations did not appear to affect keeping quality. Comparison of change 
in grade and change in bacterial counts during storage also showed no corre- 
lation. 

Discussion. Shutt(1) found that efficient pasteurisation and freedom from 
recontamination were important factors in controlling the keeping quality of 
butter stored for six months at 10° F., while Macy and Ritchie @) also claimed 


Table III. Ratio of total counts after storage to 
total counts before storage. 


Gelatine Yeast and 
Samples Agar plate plate mould 
All butters 0-82 2-0 3-1 
Butters No. 1 to No. 37 0:99 4-0 4:3 
Butters No. 38 to No. 71 0-71 1-2 2-7 


Butters Nos. 1-37 were allowed four days at room temperature to thaw 
before sampling, while Nos. 38-71 were allowed only two days. 


Table IV. Relationship between change of grade and 
total bacterial counts on gelatine before storage. 


No. of Range Average change in grade 
butters of counts (points) 
7 100-1200 — 0-6 
7 1200-2000 - 0°6 
7 2000-8000 —0-7 
7 8000-15,000 -1-1 
7 15,000—20,000 -1:3 
7 20,000-30,000 -—0-7 
a 30,000-50,000 -1-3 
7 50,000-60,000 ~0-3 
7 More than 60,000 -—0-1 


that, as a group, butters with low yeast and mould counts kept better at —5 
to —10° F. than butters with high yeast and mould counts. Most investigators 
have, however, concluded that total bacterial, yeast and mould counts are not 
dominant factors in controlling the keeping quality of butter stored at tempera- 
tures below 32° F. The results of the present experiments confirm this opinion. 

The bacterial counts of the butters before storage were not closely related 
to the grades of the butters. The dominant factor in determining the nature 
of the butter so soon after manufacture would be the quality of the raw 
cream. 

In some instances high bacterial counts of the butters were due to lactic 
acid streptococci. Bacteriological surveys of Victorian butter factories have 
shown that this may be taken as an indication of faulty pasteurisation. In 
most cases where the counts were high, however, the organisms were of a type 
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most likely to be introduced by contamination after pasteurisation—from such 
sources as insufficiently cleaned churns or infected water supply. 

The decrease in lactose agar counts after cold 
storage agrees with the results of most investigations 
which have been made under similar conditions. The 
results given in Table III suggest very strongly that 
most of the increase which was apparent in the gela- 
tine plate and yeast counts after storage occurred 
during the periods of freezing and thawing, when the 
butter would be for a day or so at a sufficiently high 
temperature to permit bacterial multiplication. 


CATALASE TEST. 








ee 


Recent work by Sencke Knudsen(3) has shown -F——= 
that the catalase test is a useful index of the ability |. J Oxygen 
of butter to maintain its grade in storage. Knudsen’s [|] A evolved 
experiments were carried out with highly acid butters a Serum + H,0, 
held at about 10°C. The test would be most valuable 
if it were found to be effective, and it was felt desirable 











to ascertain its reliability under the conditionsof manu- Solution of 
facture and storage used in the present experiment. = “— on 
4 
Methods. 


Two methods were used for the determination of 
catalase in the butter: 
Method A. This is a modification of Knudsen’s 














method; the procedure was modified in three ways: | 
(1) The butter was measured volumetrically, 30c.c.. <——> 

being used. Fig. 1. Apparatus for the 
(2) The volume of oxygen evolved was measured catalase test. 


by the displacement of the fat in carbon tetrachloride 
solution into a glass tube extending to the bottom of the test tube as in 
Fig. 1. 

(3) The test was carried out at 37° C. 

Method B. This is an application of the method of Zaykowsky and Alekse- 
jeff (4) to butter. Five c.c. of butter serum were used instead of 2 c.c. of milk, 
the procedure otherwise being the same. 


Results and discussion. 


No relationship was found between the loss of grade during storage and the 
catalase value as determined by either method. This is shown in Table V. 

This result is, of course, in accordance with the finding of the bacteriological 
examination. It appears to provide interesting information on the importance 
of enzyme activity in causing deterioration in cold storage. The value of the 
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test for catalase rests on the assumption that the enzyme is destroyed by efficient 
pasteurisation of the cream. If any catalase is found, pasteurisation must have 
been inefficient or recontamination with catalase-producing organisms must 
have occurred. 

It seems reasonable, therefore, to conclude that where much catalase is 
present there will also be relatively large amounts of deleterious enzymes. The 
fact that tests for catalase were negative suggests therefore that enzyme action 
was not an important factor in the deterioration of the butter. In this con- 
nection the figures in Table VI are of interest. Many investigators of butter 


Table V. Relationship between catalase values and } 
change in grade during storage. 





Average catalase Average catalase 
Change in grade value, c.c. oxygen value by titration 
(points) evolved c.c. KMnO, 
1 1-7 0:39 
0 2-8 0-70 
-1 2-2 0-39 
-2 1-9 0-46 
-3 4-9 0-65 
-4 — 0°34 
Table VI. 
Number of butters changing in grade Average 
(points) change 
A — in grade No. of 
Original grade l 0 -l -2 -3 -4 = (points) butters 
92 and more 0 12 14 5 0 1 0-88 32 
90 and 91 3 ll 14 3 1 0 0-63 32 
Less than 90 l 1 0 l 0 0 0-33 3 


deterioration in cold storage have suggested that it is largely influenced by the 
quality of the raw cream from which the butter is made, possibly as a result of 
enzyme activity. The general experience with Australian butter shipped over- 
seas, and the results shown above, are in direct opposition to this, since the 
higher grade butters are found to deteriorate more than the lower grades. This 
does not, of course, necessarily imply that the amount of chemical change 
occurring in the lower grade butters is actually smaller, since a given amount of 
change will probably be less apparent when the butter is already flavoured to 
some extent. 


CHEMICAL INVESTIGATIONS. 


The following chemical determinations were made on the butter, fat or 
serum : 

(1) Complete analysis for moisture, salt, curd and fat by the Kohman 
method. 

(2) Water-soluble titratable acidity 6). 

(3) Ether-soluble titratable acidity of the fat (6). 

(4) pH. 
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(5) Peroxide value of the fat (8, 9). Two grams of fat were used. The results 
are expressed as c.c. N/500 Na,8,0, per gram of fat, 
(6) Copper (10, 11, 12), 
(7) Iron (10, 11, 12), 
Results. 


The results obtained for the various determinations before storage are 
briefly expressed in Table VII. 


Table VII. Summary of results of chemical 
determinations before storage. 


Standard 
Determination Mean deviation Minimum Maximum 
pH 6-51 0-55 5:37 7-68 
Titratable acidity of 0-015 % 0-007 % Alkaline 0-050 % 
butter 
Titratable acidity of 0:062 % 0-044 % Alkaline 0-250 % 
serum 
Peroxide value (Lea) 0-70 0-25 0-25 
Copper 0-46 p.p.m. 0-16 p.p.m. 0:36 p.p.m. 
Tron 0-28 p.p.m. 0-11 p.p.m. 0-18 p.p.m. 
Acidity of fat 0-59 0-10 0-26 
Moisture 15-63 % 0:65 % 13°12 % 
Salt 1-65 % 0-38 % 0:79 % 
Curd 0:79 % 0-19 % 0-40 % 
Fat 82:05 % 11% 80:05 % 


Discussion. 


Complete analysis. No relationship was found between curd content, salt 
content, or brine concentration and keeping quality; or between brine concen- 
tration and bacterial increase or decrease. 

Peroxide value. The work of Lea and others has suggested that the per- 
oxide value would be a useful indication of the tendency of butter to develop 
tallowy flavours. It was hoped that comparison of the peroxide values of these 
butters before and after storage would provide information on this point, since 
several of the butters were described by the graders as tallowy or oily. Unfor- 
tunately the peroxide values of the fats obtained before storage were of little 
or no value. The fats were held for a week or so in a fairly well-lighted room 
before the determinations could be made. Subsequent experiments showed 
that fat held under such conditions increased considerably in peroxide value. 
After storage the peroxide values were determined within a few hours of 
melting the butter for bacteriological analysis. The figures were generally about 
half the value obtained before storage. 

It is interesting to note that there was a positive correlation coefficient of 
0-55 between peroxide value and pH of the butter before storage, compared 
with 0-27 after storage. In spite of the removal of the serum the acidity of the 
butter was apparently a controlling factor in determining the development of 
peroxide in the week during which the fats were held before examination. 
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After storage, eight butters were described as slightly tallowy. The average 
peroxide value of these was 0-40 and the range 0-27-0-69. The average for the 
remainder of the butters was 0-31 and the range 0-07-0-62. In view of the 
variation in individual samples the difference is not significant. 

Copper and tron. In several of the factories which supplied butter for the 
experiment, areas of copper were exposed on the pasteuriser, pipe lines or vats. 
Where it was expected that the metallic content of the butter would be high, 
copper and iron determinations were carried out. Thirteen of the samples were 
examined in this way. The copper content ranged from 0-36 to 0-58, averaging 
0-46 part per million. The iron content ranged from 0:18 to 0-52, averaging 
0-28 part per million. 

Although it is impossible to form definite conclusions from the small num- 
ber of samples examined the results in Table VIII indicate that these varia- 
tions in copper content may possibly have a significant effect on the keeping 
quality of the butter. 

Table VIII. 

Copper Change in grade 

p-p.m. (points) 
0:36 l 

0:36 0 6-4 
0-38 6-3 
0:38 6-4 
0-42 6-4 
0-48 75 
0-48 6-7 
0-50 6-3 
0:52 6-2 
0:52 6-4 
0:56 7-0 
0-58 56 


| 
_—— © 


a a ee 
NeweeeO 


Lal 


Acidity of the fat. Determinations of the acidity of the fat were carried out 
on twenty-four of the butters before storage. Very little variation was found— 
the average value being 0-59, the standard deviation 0-10, and the extremes 
0-26 and 0-66. The butters examined after storage did not differ markedly from 
these. There were apparent decreases in some instances and slight increases in 
others. The average was 0-48, the standard deviation 0-12 and the extremes 
0-26 and 0-71. None of the butters were described as rancid after storage. It 
would appear that fat hydrolysis was a negligible effect in the deterioration of 
the butters under observation. 

Titratable acidity of the butter, pH and titratable acidity of the serum. These 
three values were found to be closely related, the association between them 
being expressed in the scatter-diagrams shown in Figs. 2 and 3. In view of the 
slight variations found in fat acidity the close relationship between the acidity 
of the serum and that of the butter would be expected. The relationship 
between titratable acidity and pH is very much closer than that found by 
Nissen (5). 

In contrast to Parfitt’s (13) results, the butters almost invariably showed an 
increase in acidity during storage, this being reflected in each of the three 





132 





Keeping Quality of Salted Butters in Cold Storage 


measurements. There was only one exception to this in the pH measurements, 


five in the butter acidity and three in the serum acidity. The changes in 
acidity, as determined by the three methods, did not, however, agree well. 


per cent. lactic acid 


Titratable acidity of serum as 


lactic acid 


Water soluble acidity of the butter as per cent. 


0-28 7 
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Fig. 2. These results were obtained before storage. 
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Fig. 3. These results were obtained after storage. 


This was probably due to the small extent of the changes and the indefiniteness 
of the end-point in the titrations. The decrease in pH on storage averaged 
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0-16, the values ranging from an increase of 0-03 to a decrease of 0-62. As 
regards titratable acidity the figures were (a) for the butter, an average increase 
of 0-006 per cent., the values ranging from a decrease of 0-005 per cent. to an 
increase of 0-026 per cent., and (6) for the serum, an average gain of 0-016 per 
cent., the values ranging from a decrease of 0-009 per cent. to an increase of 
0-040 per cent. The pH determinations provide the most reliable measurements. 
There was a distinct tendency for the pH of high pH butters to decrease more 
than that of the low pH butters. The change in acidity was not related to the 
change in grade. 

Accuracy of “neutralisation.” Information was obtained from the factories 
providing the butter as to the acidity aimed at in “neutralising” the cream, 
the “neutraliser” used, and the type of pasteuriser employed. This information 
is presented graphically in relation to the pH of the butter in Fig. 4. It will be 
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Fig. 4. 


seen that butters made from cream supposed to be “neutralised” to the same 
acidity showed considerable variation in titratable acidity and pH. The 
assumption that “neutralisation,” as normally practised, enables an accurate 
control to be obtained over the acidity of the butter is obviously incorrect. 
We do not know whether these observed variations are due to errors of mea- 
surement in commercial practice, or whether they are due to inherent defects 
in the method of “neutralisation.” Fig. 4 shows, however, that the variations 
may not be accounted for by the composition of the “neutraliser” or the type 
of pasteuriser used. Incidentally, it may be mentioned here that neither of 
these two factors affected the keeping quality of the butter. 
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Acidity and keeping quality. The results shown in Table IX indicate that, 
of the factors measured, the pH of the butter was the most important in con- 
trolling its keeping quality. Previous investigators of the subject have demon- 
strated the marked relationship which exists between acidity and keeping 
quality when butter has been made from cream of acidity greater than 0-25 per 
cent. expressed as lactic acid. The present results extend the range of that 
relationship to butters which are neutral or even slightly alkaline. The varia- 
tions in the behaviour of individual samples is, however, considerable. These 
variations must be due to the combined effect of the inaccuracy of grading, the 
extent of which is unknown, and of other factors affecting the keeping quality, 
including factors not measured by the determinations made in this investiga- 
tion. Efforts to correlate the variation in behaviour of butters of the same 
acidity with variations in bacterial count gave negative results. Table VIII is 
suggestive in that it indicates that the combined effect of acidity and copper 
content may be important in relation to keeping quality. 


Table IX. Relationship between pH of the butter, 
and change of grade and initial grade. 


No. of butters changing 
in grade (points) 
Approx. titratable Average = —- NW : Average 
acidity as % lactic change in ] 0 -1 -2 -3o0r No.of initial 
pH acid grade more butters grade 
50-55 0-065 ] 1 _- — 1 90-2? 
5:5-6-0 0-035 — 1-4 — 3 l 8 91-3 
6-0-6:5 0-020 -—0-81 — 3 1 26 91-4 
Loe 
1 
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6-5-7-0 0-012 -0:71 14 91-4 

7-0-7°5 0-005 — 0-60 ] — 15 91:3 

7-5-8-0 Alkaline ~ 0-00 -- _— 2 91? 

With the exception of the erratic result for the one butter in the pH range 5-0-5-5 there isa 
distinct association between pH and change of grade. 


| 


The manner in which acidity causes deterioration is not clear from the de- 
terminations made. Increase in the acid value of the fat showed no relation to 
pH, a fact which indicates that the butter acidity did not control deterioration 
through the mechanism of fat hydrolysis. Moreover, the pH values showed a 
very low correlation with peroxide after storage. If the peroxide value may be 
taken as a true indication of the extent of fat oxidation, this suggests that 
oxidation of the fat was not the cause of deterioration. The eight butters de- 
scribed as tallowy after storage did not show particularly low pH, their average 
value being 6-4 compared with 6-5 as the average for all the butters. Many of 
the butters showing deterioration were described as stale, and this gives no 
clue to the chemical changes which may have occurred. 

Although this investigation was not primarily designed to give results 
directly applicable to the manufacturing process, but rather to provide basic 
information as a guide to future work, the results obtained do have some bear- 
ing on butter factory practice. They show fairly definitely that, in order to 
obtain the best keeping quality in cold storage, the butter should be at a pH 
of about 7. Butters of this acidity will, under normal methods of manufacture, 
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have none of the desirable “lactic” flavour. The figures in Table IX might be 
assumed to indicate that their flavour is just as good as that of the butters with 
higher acidity. The graders, however, knowing that acid butters will not keep, 
prefer a butter with no acid flavour, and their grading cannot therefore be 
taken as parallel with the judgment of that section of the English market 
which wants highly flavoured butter. 

The extent to which flavour and keeping quality are incompatible has not 
been ascertained. The flavour of a good Danish butter can be attributed mainly 
to (1) the acidity, and (2) the presence of flavouring substances such as di- 
acetyl and volatile acids. Although there is evidence that diacety] is associated 
with fat deterioration, it seems unlikely that the volatile acids would be 
seriously detrimental to keeping quality. At any rate the practice in some 
Victorian factories has assumed that this is the case. They have attempted 
with considerable success, by various means such as ripening the cream and 
then neutralising and pasteurising it, to include the flavouring substances in 
the butter without the acidity. Butter made by such methods does not appear 
to meet the demands of the Danish butter-consuming section of the English 
market; it would seem reasonable to assume that the acidity is an essential 
part of their demand. 

Some aspects of the present investigation would suggest that the problem 
of shipping an acid butter to England without loss of grade is not altogether 
a hopeless one. The variation in the behaviour of individual samples suggests 
that some factor other than acidity is concerned, and metallic contamination 
is probably one of the most important of these contributing factors. Many 
experiments on the subject, notably those of Grimes(14), indicate that other 
factors largely affect the extent to which acidity brings about deterioration. 
With further information as to the nature of these factors and means of 
controlling them, it may be possible to produce an acid butter with greatly 
improved keeping quality. 


SUMMARY. 


Seventy boxes of salted Victorian butter were held at 12° F. for three 
months. Bacteriological and chemical examinations were carried out before 
and after storage in order to observe the changes which occurred and the factors 
which controlled deterioration. 

The bacteriological examination showed that on the average only slight 
changes in bacterial numbers occurred during the actual cold storage period. 
None of the bacterial, yeast or mould counts revealed any positive association 
with keeping quality. 

The catalase test gave negative results. It is suggested that enzyme 
activity is not an important factor in controlling deterioration of the butters. 

The chemical examinations indicated that the variations in curd or salt 
content did not affect keeping quality. Fat hydrolysis, as measured by ether 
soluble acidity of the fat, and fat oxidation as measured by peroxide value, did 
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not appear to be important factors in deterioration. Considerable variations 
were observed in the acidity of butters made from cream supposed to be 
“neutralised” to the same acidity. Acidity of the butter as measured by titra- 
tion of water-soluble material was closely related to the pH of the butter. 
Butter acidity and copper content appeared to be the most important factors 
controlling keeping quality. The mechanism by which acidity causes deteriora- 
tion was not revealed by the investigation. 


We desire to acknowledge the valuable assistance rendered in this work by 
Mr W. J. Wiley of the Council for Scientific and Industrial Research. 
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78. A STUDY OF THE QUANTITATIVE CHANGES IN 
THE MICROBIOLOGICAL FLORA OF SWEET-CREAM 
SALTED BUTTER OF GOOD KEEPING QUALITY 
WHEN HELD AT 15°F. FOR A PERIOD OF TWO 
TO EIGHT MONTHS 


By M. GRIMES anp A. J. HENNERTY. 
Department of Dairy Bacteriology, University 
College, Cork, Irish Free State. 


In order to study the changes in quality and texture of sweet-cream salted 
butter, when held in cold storage for varying periods, a series of churnings was 
made in the Creamery attached to the Dairy Science Institute, University 
College, Cork, during June and July, 1932. All churnings were made under 
commercial conditions. A sample of each churning was taken for microbio- 
logical examination at the time of making, and again when the butter was 
withdrawn from cold storage. It was possible to sample some of the churnings 
once, some twice, and others three times during the cold-storage period. 
Forty-nine churnings were cold stored. Of these, seventeen were examined in 
September, 1932, twenty-two in December, 1932, and forty-one in February, 
1933. The butters were scored before they were placed in cold storage (a com- 
mercial cold store held at, or close to, 15° F. was used). They were again scored 
when removed from cold storage. All churnings scored first grade, both before 
being placed in, and after removal from, cold storage. The minimum number 
of days in cold storage was fifty-six and the maximum was two hundred and 
fifty-two. 
METHOD OF EXAMINATION. 

A small quantity of butter from the interior of a pound sample, taken from 
the 56 lb. boxes in which the butters were packed, was transferred by means 
of a sterile spatula to a sterile glass-stoppered bottle. The sample was melted 
at 110° F. and thoroughly emulsified by shaking. The microbiological examina- 
tion was carried out by standard methods using nutrient lactose agar at pH 6-8. 
Yeast and mould counts were obtained by plating on nutrient lactose agar at 
pH 3-5. All cultures were incubated at 21°C. for five days. Nutrient gelatin 
at pH 6-8 was used for the estimation of gelatin liquefying bacteria at 21° C. 
Rapid liquefying bacteria were counted at the end of two days and slow 
liquefying bacteria at the end of five days. In Table VI, both rapid and slow 
liquefying bacteria are included under one heading, but the greater number in 
cold-stored butter would be classified as slow gelatin liquefying types. 

The acidity of the butter was estimated by dissolving 20 g. of the sample in 
60 ml. of a neutral mixture of equal parts of ether and alcohol, and titrating 
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with N/9 sodium hydroxide, using phenolphthalein as an indicator. The 
acidity is stated in ml. of N/10 alkali solution required to neutralise the free 
acid in 100 g. of butter. 


RESULTS. 


(1) General results. 

Full details of the results will be found in Table VI. In order to give a clear 
presentation of the general changes which occurred during cold storage, the 
results for the total number of churnings examined at each period have been 
averaged, and these figures will be found in Tables I-IV. The following con- 


stitute the main findings. 


Table I. Increase in acidity of sweet-cream salted 
butter when held in cold storage. 
Average acidity 
No. of ml, V/10 NaOH per 100g. 
samples Days old butter 
49 0 5-61 
17 56-100 5-96 
22 101-200 6-10 
41 Over 200 6°31 


(a) Acidity. 
The results (Table I) show that a slight increase in acidity occurs during 
the period of cold storage. 


(b) Total micro-organisms (bacteria and yeasts). 

As would be expected with butter made from pasteurised sweet cream, the 
total bacterial count in the original samples was low and the number of yeasts 
small (Table VI); but estimation of the total count after cold storage showed 
that in many cases the yeast count had so increased as to prevent the estima- 
tion of the total bacterial count, and interfere with the study of the types of 
bacteria surviving. It is, therefore, necessary to present the total count as 
including bacteria and yeasts. Examination of the Petri dishes under the 
microscope showed that the increase in total count during cold storage was due 
to the growth of yeasts. 


Table II. Growth of yeasts in sweet-cream salted cold-stored butter. 
Days old 





Total count 


< 
0 56-100 101-200 Over 200 


is , 3 0 D, oO 
Bacteria and yeasts % % % % 


30,000 and less 84-8 50-0 36°3 17-5 
30,100-100,000 8-7 19-0 13-7 25-0 
101,000—1,000,000 6-5 31-0 45:5 35-0 
Over 1,000,000 0-0 0-0 4:5 22°5 


This increase in the number of yeasts is shown strikingly in the summarised 
figures presented in Table II. Table VI shows, however, that the results are 
erratic, though no explanation can at present be offered to account for such 
wide variations. As all the butter was graded first grade, when removed from 
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cold storage, the results suggest that yeasts are not a cause of deterioration in 
sweet-cream salted cold-stored butter. 


Table III. Decrease of Oidium lactis in cold-stored butter. 
Days old 





56-100 101-200 Over 200 


No. present A 
0 14-3 31:7 

100 and less 46-9 59-2 
101-600 38:8 2! 9-1 


(c) Moulds. 

Oidium lactis was the most prevalent mould found in the butter samples. 
Although, as will be seen from Table VI, in some instances the mould count 
remained stationary, or even rose, Table III shows that the general trend was 
towards a decrease in the numbers of Oidium lactis as the period of cold storage 
increased. The salt present was probably also a factor in inhibiting mould 


growth. 
Table IV. Gelatin liquefying bacteria. 


Days old 





eS Brioay 
56-100 101-200 Over 200 

No. present 

500 or less 


501-1000 
1010-10,000 
(d) Gelatin liquefying bacteria. 
Reference to Table IV shows that, in general, there was neither a definite 
increase, nor a definite decrease in the numbers of gelatin liquefying bacteria 
in the cold-stored butter. 


(2) Study of types of bacteria found in sweet-cream salted 
butter before and after cold storage. 

In order to study the types of bacteria persisting in cold-stored butter, 
samples were examined both prior to and at intervals during the storage 
period. From certain of the nutrient agar plates (used for determining total 
bacterial counts) which contained between forty and two hundred colonies, 
fifteen colonies were picked off and inoculated into test-tubes of litmus milk. 
These test-tubes were incubated at 21° C. for one week and then examined. 
The classification of the types of bacteria present are shown in Table V. 

Of the forty-nine samples of butter tested, forty-four were examined for 
the types of bacteria present before placing in cold storage (7.e. June and July, 
1932). Twenty-three of these were again examined in September, 1932. The 
results, calculated on a percentage basis, are shown in Table V. Considerable 
trouble was experienced with the series of samples examined in December, 
1932 and February, 1933, as the nutrient agar plates contained numerous 
yeasts which were difficult to separate from the bacterial colonies. On examina- 
tion with the low-power microscope it was, however, possible to isolate and 
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examine microscopically some of the bacterial colonies and also inoculate them 
into litmus milk. Some plates contained so many yeasts that this procedure 
was not feasible. Whenever it was possible the surviving types of bacteria were 


noted. 
Table V. Types of bacteria surviving in sweet-cream 
salted cold-stored butter. 


Original September 


€ 0 


Types of bacteria present % % 
Acid forming non-coagulating 29-10 48-02 
Acid with coagulation 11-27 6-96 
Acid with coagulation and gas 1-07 0-10 
Str. lactis 19-92 2-01 
Rennet digesting 9-93 2-01 
Alkali-forming 8-05 6-03 
Alkaline-digesting 0-74 0-10 
Inert 19-92 34-77 


Table VI. Bacterial, yeast and mould count of sweet-cream salted butter before 
and after cold storage for periods of from two to eight months. 


Total count Gelatin 
(bacteria Bacterial liquefying 
Churn- Days yeasts) count organisms Moulds % % 
ing No. old Acidity per ml, per ml. per ml, per ml. salt moisture 
1b 0 5:3 12,760 12,600 230 90 0-50 14-7 
212 6-4 44,600 100 0 
2b 0 5:3 16,520 16,000 280 60 “5 13-4 
73 6-1 264,000 220 10 
150 6:4 1,020,000 1,000 0 
0 55 23,700 22,500 500 280 14°] 
65 6:4 26,400 410 180 
212 6-7 1,140,000 850 100 
0 5:8 19,950 18,800 1,200 320 
89 61 — 620 —_ 
226 6-1 40,000 80 0 
0 58 10,400 10,300 50 10 
6-1 300,000 300 10 
— 600 0 
7,660 7,500 300 60 
21,000 200 17 
17,500 150 20 
14,080 14,000 210 5 
76,000 1,200 10 
180,730 180,000 7,000 80 
60,300 930 30 
135,000 2,500 50 
1,040,000 5,500 100 
17,300 16,000 540 500 
750,000 400 105 
1,635,000 60 120 
30,700 30,000 320 150 
39,600 330 150 
117,500 10 30 
190,000 50 100 
16,500 16,000 65 230 0-95 
16,000 40 80 
41,000 80 40 
26,000 25,000 700 400 1-00 
52,000 200 100 
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= butter manufactured in June. b=butter manufactured in July. 
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Table VI (cont.). 


Total count Gelatin 
(bacteria Bacterial _liquefying 
Churn- Days yeasts) count organisms Moulds % % 
ingNo. old Acidity per ml. per ml. perml. per ml. salt moisture 
136 0 11,600 11,000 1,300 230 1-00 12-9 
206 56,000 400 0 
146 0 26,320 26,000 600 20 1-09 13-6 
143 74,000 60 20 
203 305,000 — 20 
lba 0 31,330 31,200 330 0 1-15 13-9 
101 7,600 0 0 
238 500,000 70 0 : 
166 0 171,100 170,000 7,400 360 13-8 
213 1,180,000 300 70 
17b 0 7,500 7,000 130 25 
145 103,000 10 7 
205 6,400,000 110 10 
0 7,050 7,000 410 0 
104 311,000 10,000 0 
241 360,000 3,000 0 
0 14,080 14,000 210 5 
150 135,000 200 0 
0 11,600 11,000 1,300 
146 143,000 200 
0 


13,640 13,600 470 0 

240 210,000 100 0 
0 10,150 10,000 110 10 
56 132,000 170 30 
143 153,000 750 10 
1,990,000 90 10 
14,430 13,000 700 480 
222,000 400 10 
3,120 3,000 60 30 
98,500 70 10 
11,150 10,000 210 190 
24,100 0 80 
435,000 60 30 
9,600 9,200 80 20 
1,240,000 500 70 
14,210 14,000 1,600 45 
645,000 1,000 100 
7,320 7,200 70 40 
6,300 15 10 
720,000 —- 0 
2,210 2,100 150 0 
12,000 0 0 
36,200 35,300 480 150 
25,000 75 10 
6,315 6,300 430 20 
8,100 = 0 

14,380 13,700 — 110 1-50 
16,000 90 0 

3,850 3,700 270 0 1-53 
22,600 7,000 0 
16,000 1,400 0 

46,560 45,800 760 200 1-53 
39,000 150 50 
2,230,000 700 100 
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Table VI (cont.). 
Total count Gelatin 
(bacteria Bacterial liquefying 
Churn- Days yeasts) count organisms Moulds o % 
ing No. — old Acidity per ml. per ml. per ml, per ml. salt moisture 
35a 0 6:1 8,660 8,200 350 50 1-54 15:3 
102 6-1 24,500 1,000 0 
239 6-7 455,000 500 0 
0 4,640 4,100 70 40 57 15-1 
100 17,700 100 30 
0 12,690 12,600 1,350 0 
24] 450,000 1,500 0 
0 25,210 24,100 140 70 
111 14,900 320 200 
248 17,000 100 0 
39a 0 8,680 8,400 300 80 
99 7,200 90 20 
246 90,000 50 0 
40b 0 16,600 16,000 200 70 
67 194,000 ea 100 
204 1,035,000 100 220 
4la 0 8,790 8,000 470 220 
233 24,000 20 20 
42a 0 — 420 160 
95 406,000 300 25 
43a 0 _ 420 160 
85 17,300 240 150 
232 113,000 80 10 
8,900 8,000 180 600 
5,660 85 30 
102,500 90 15 
405,000 0 
12,190 12,000 420 0 
75,000 500 0 
9,710 9,300 270 90 
4,500 60 0 
162,840 102,500 2,200 10 
32,000 150 0 
— 360 100 
131,200 280 120 
375,000 2,500 100 
20,700 20,000 220 140 
6: 11,100 50 40 
i] 22,000 80 25 
6-1 67,000 100 0 
a=butter manufactured in June. 6=butter manufactured in July. 


> Ou > 
mo — 


Don 
1 de He OO 


rr OOS 


cS Cr 


aga aan oS ac 
Aa oo —— C6 oo m= ee 


1 


oo 
w @ 


oS 


5: 


58 
l 
5 


ww oc 


> Crcr cr 


WIAD OS 
to pm 


lon or 
cose 


The figures in Table V show a marked increase in the percentage of acid- 
forming, non-coagulating types, and a concurrent decrease in the Str. lactis 
types; but the combined percentage of these bacterial types in the original and 
September series of samples is approximately the same. The alkali-forming 
bacteria, which are soil types, persist to the extent of 75 per cent. of their 
original number, while those producing coagulation followed by digestion of 
milk tend to die off—only about 25 per cent. of the original number surviving, 
when the samples were examined in September. The percentage of acid-forming 
coagulating bacteria decreased. The group inert in litmus milk increased con- 
siderably, forming about one-third of the total number of bacteria in the 
September samples. 
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Microscopic examination of the plates and of slides made from the colonies 
showed that the flora of many of the cold-stored butters was composed of white 
oval yeasts together with small numbers of white and yellow cocci. The white 
coccus types were generally 1-Ou in diameter: the yellow cocci varied from 
0-64 to 0-8u in diameter. All were Gram-positive. These coccus forms were 
generally inert when inoculated into litmus milk. In the February series, so 
far as could be determined, the highest percentage of bacteria belonged to the 
inert types, the next most prevalent group was the acid-forming non-coagu- 
lating type, while the balance was composed of small percentages of the other 
groups listed in Table V. 
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SUMMARY. 


1. Data, taken over a period of eight months, are presented, concerning the 
quantitative changes which take place in the microflora of sweet-cream salted 
cold-stored butter of good keeping quality. 

2. Tables showing the influence of varying periods of cold storage on the 
development of acidity, total bacterial count, yeasts, moulds, gelatin lique- 
fying bacteria and types of micro-organisms in forty-nine churnings of butter 
cold stored at 15° F. are given. 

3. There was a slight increase in the titratable acidity. 

4, There was a noticeable increase of the yeast count, in many cases without 
apparently injuring the keeping quality. 

5. The numbers of Oidium lactis present tended to decrease. 

6. The following types of bacteria persisted in the sweet-cream salted 
butter in decreasing numbers: (a) various types of micrococci; (b) lactic acid 
bacteria of non-coagulating and acid coagulating types, including “slow” 
varieties of Str. lactis; (c) acid with coagulation and gas; (d) rennet digesting; 
(e) alkali-forming; (f) alkaline digesting. 


Our sincere thanks are due to Mr J. Lyons and Mr W. Finlay, Department 


of Dairy Technology, University College, Cork, for enabling us to secure the 
samples, and for supplying the data concerning salt and moisture contents. 


(MS. received for publication September 5, 1933.) 









637 - 333-9 
79. STUDIES IN CHEDDAR CHEESE 


Il. THE EFFECT OF CONTROLLED OXIDATION-REDUCTION 
POTENTIAL ON RIPENING 
III. THE ROLE OF RENNIN, PEPSIN AND LACTOBACILLI 


By W. L. DAVIES, J. G. DAVIS, D. V. DEARDEN 
AND A. T. R. MATTICK. 


National Institute for Research in Dairying, University of Reading. 


II. THE EFFECT OF CONTROLLED OXIDATION-REDUCTION 
POTENTIAL ON RIPENING. 


THE problem of cheese-ripening is essentially one of protein degradation, and 
the most recent and fruitful studies of this phenomenon have centred in the 
question of the specificity of the enzymes concerned in the various stages of 
degradation and the conditions under which they act. An important condition 
in enzyme action, according to Waldschmidt-Leitz and his collaborators, is that 
of oxidation-reduction potential, owing to the close relation between this 
physical condition and the forms in which glutathione and similar substances 
exist in the medium. For example, it has been shown that the reduced form 
of glutathione is a co-enzyme essential to the papainases or the proteinases 
acting on the iso-electric protein, the oxidised form of glutathione being in- 
active (1,2). The course of oxidation-reduction potential in normal Cheddar 
cheese has already been described 3). If this potential is in the neighbourhood 
of the critical value for the activity of any of the enzymes concerned, slight 
alterations might be expected appreciably to alter the extent of proteolysis. 
With a view to the examination of this hypothesis, experimental Cheddar 
cheese have been made with the addition of certain substances likely to affect 
the oxidation-reduction potential, namely, copper, potassium nitrate, chlorate 
and perchlorate as oxidants, and potassium cyanide as a reductant. 


METHODS. 

All the cheese were made from milk of good hygienic quality, 7.e. with the 
plate count not greater than 10,000 per ml. The milk was divided into two 
parts, one part being made into the normal control cheese and the other into 
the experimental. The cheese so made were about 20 Ib. in weight, thus en- 
suring the conditions which are present in normal cheese-ripening. 


Sampling. 


For the purpose of chemical analysis samples were taken as follows: Three 
horizontal borings 120° apart were made right to the centre of the cheese. The 
outer portion to the depth of half an inch was removed and the plugs im- 
mediately finely shredded in a mill, the shreds mixed and placed in a stoppered 
bottle. 
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The determination of protein degradation. 


Protein degradation was measured by the chemical determination of the 
following fractions: (a) Total nitrogen, (b) Non-protein nitrogen or the nitrogen 
remaining in solution after precipitation with 4 per cent. trichloracetic acid, 
(c) Non-phosphotungstic acid precipitable nitrogen, i.e. the nitrogen remaining 
in solution after precipitation with phosphotungstic acid in 5 percent. sulphuric 
acid, (d) Total Sérensen nitrogen, or the nitrogen present as amino nitrogen in 
the aqueous suspension, and (e) Non-protein Sérensen nitrogen or the nitrogen 
present as amino nitrogen in the trichloracetic acid filtrate. In the tables the 
total nitrogen is expressed as percentage of the weight of the cheese and the 
fractions as percentages of the total nitrogen. 

The acidity, expressed as percentage lactic acid, was determined in the 
aqueous suspension previous to the determination of the total Sdrensen 
nitrogen (d). The titration was carried out with vigorous shaking until a pink 
colour lasting 15 sec. was obtained with phenolphthalein as an indicator. These 
values have naturally only a comparative significance. 

The pH values were obtained with the quinhydrone electrode (4, 5). 

Analyses made after one month and after five months’ ripening are given 
in the tables. Typical duplicate results are given in Table I. 


Table I. Typical duplicate results (cheese 153 days old). 





Cheese No. 

¢ ; acca. 

33 34 36 

Total nitrogen 4:27) 4. 4-25) 4.96 4-01) , 

toot4 28 tot? 23 $98 [00 

Protein nitrogen 2-96 (69-2 %) 2-95 (69-8 %) 2-94 (73-5 %) 
3-01 (70-3 %) 2-95 (69-8 %) 2-94 (73-5 %) 
Phosphotungstic 3°48 (81-4 %) 3°43 (81-0 %) 3°51 (87°8 %) 
nitrogen 3°52 (82-2 %) 3°43 (81-0 %) 3-44 (86-0 %) 


Results expressed as grams nitrogen per 100 g. cheese and as per cent. of total nitrogen. 


Grading. 


All the cheese were examined independently by two experienced graders, 
and were pronounced to be typical Cheddar cheese apart from obvious experi- 
mental conditions due to the addition of dyes, cyanide, etc. Only the cheese 
containing copper was abnormal in this respect. The remarks are naturally 
hypercritical and do not imply that the cheese were not typical Cheddar. 


Oxidation-reduction potential. 


When it was desired to measure the effect of added substances on the 
oxidation-reduction potential of the ripening cheese, suitable indicators were 
added to the cheese milk as described in an earlier paper). 
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RESULTS. 


The effect of chemical substances. 
(1) Copper. The effect of copper (36 parts per million) is shown in Table II. 


Table II. 


Non- Non-phospho- Total 
Cheese No. Lb. curd Total N protein N tungstic N —_ Sdrensen N 

7 (with copper) 18 4-09 22-6 5-7 5:8 
8 (control) 18 4-23 28-4 15-1 8-2 


Non-protein 
Sorensen 
Cheese No. N Acidity Texture Body Flavour 

7 (with copper) 4:8 2-09 Close Harsh and mealy Abnormal 

8 (control) 6-9 2-16 Close Dry, harsh and Oft 

mealy 
Cheese five months old. 

This amount of copper is sufficient appreciably to inhibit the protein de- 
gradation, especially the formation of amino acids. In this experiment it was 
found that the presence of the copper hindered the attainment of the normal 
reducing intensity in the first few days of ripening, but that after one month 
the usual slow re-oxidation of the dye used as the oxidation-reduction indi- 
cator was not observed. 

Graders’ report. This amount of copper produced a definite off-flavour. 

(2) Oxidants—(potassium nitrate, potassium chlorate and potassium per- 
chlorate). The effect of the addition of these oxidants is shown in Table III. 

Oxidation-reduction potential. The oxidants used definitely held the cheese 
at a higher internal rH than the normal, and the second slow reduction due to 
the growth of the lactobacilli was not observed. The presence of the oxidants 
had only a very slight inhibitory effect on the protein breakdown after one 
month. The inhibition was, however, more marked after five months, sug- 
gesting that the lactobacilli were somewhat weakened by the higher state of 
oxidation in the experimental cheese. The use of saltpetre to suppress gassy 
fermentations in cheese is, of course, well established (6). 

Graders’ report. The addition of oxidants in the concentrations given had 
no effect on the flavour or the texture of the cheese. 

Its effect on the oxidation-reduction potential of the cheese and on the produc- 
tion of the fault known as Red Spot will be further discussed in a separate paper. 

(3) Potassium cyanide. The work of Waldschmidt-Leitz and his collabor- 
ators has shown that cyanide will activate some proteolytic enzymes through 
the formation of a reduced form of glutathione which acts as a co-enzyme (1,2). 
Tarnanen has also shown that cyanide activates the proteolytic enzymes of 
B. casei (Thermobacterium helveticum) (7). Cyanide does not inhibit and may 
even stimulate the lactic acid fermentation (8). The effect of cyanide on the 
extent of proteolysis is shown in Table IV. The addition of cyanide had ap- 
parently no effect either on the rate of protein breakdown or on the internal rH 
of the cheese. 





4 ISHLSS 


= 
BE. 5 


W. L. DAviEs AND OTHERS 147 


Table III. 
Oxidant Non-phospho- Total Non-protein 
per lb. Non-protein tungstic Sérensen Sérensen 
Lb. curd Total N N N N N 
Cheese No. curd g. ——— ee eee ee! an a 
58 (with KNO,) 17-0 15 393 4:31 19-2 24-8 9 Il-4 5s 9-2 4:4 8-4 
59 (control) 17-0 - 3°96 4:27 19-8 26: j- 10-6 ° : a1 88 
60 (with KNO,) 20-5 2: 3°82 3-92 19-9 27+ - 10-5 i. 5-0 6-6 
61 (control) 20-5 3-67 4:05 20-8 28: “1 14:7 , Af 59 9] 
62 (with KNO, 21:8 “i 3°53 3°88 13-1 22 : 4-4 3 6 34 56 
+KCI103) 2:3 
6°8 
9-2 
8-2 


63 (control) 21:8 3:62 3-91 17-6 26°3 2° 
0-( 
3° . 
1+; 7:8 “ 5 8-5 
2: “ 
8: 


1 
64 (with KC1O5) 19-0 2-6 3-82 4-10 21-3 28-0 I 
65 (control) 19-0 3-82 4-21 21:7 31-9 7 ] 
66 (with KNOs3) 19-5 2-5 3°72 4:00 20-2 29-3 l 
67 (control) 19-5 3:65 3-99 18-1 30-9 1 
68 (with KNO, 21-0 2° 3°75 4:06 13-4 26-6 
+KCI10,) 2.1 

69 (control) 21-0 3- 3.99 16-5 26-6 fs 'g me ’ 0 83 
70 (with KC1O,) 18-6 2-6 3 4-11 14-5 225-6 mi 9! + “ 4 9-0 
71 (control) 18-6 3:79 4-07 16-0 27-2 7 12 2, ; 8 93 


8-9 
6-6 


Acidity 
Cheese No. r , -——" Texture Body Flavour 

58 (with KNO,) . 2-06 5°70 5:38 Uneven Harsh and sticky Fair 

59 (control) 34 2-1e 5:78 5-64 Fair Harsh and sticky Fair 

60 (with KNOs) 59 2: 5:58 5:38 Fair Harsh and sticky Fair 

61 (control) 38 2:0: 5:74 5:38 Good Harsh and sticky Off 

62 (with KNO, 29 1-6 5:95 5-25 Open Weak and sticky Off 

+KCI0,) 

63 (control) : 8 5°70 5°35 Open Harsh, sticky, weak Fair 

64 (with KC1O5) “13 2-18 5-49 5-70 Open Slightly harsh Fair 

65 (control) : 2-35 549 6-12 Fair Smooth, slightly sticky Fair 

66 (with KNOs) . 2-16 5:58 5-82 Loose and open Weak, lacks silkiness Not clean 
67 (control) 19 22: 5°58 5-82 Loose and open Weak, slightly harsh Fair 

68 (with KNO, : 2: 5:45 5-50 Loose and open Slightly harsh, mealy Off 

+KCI0,) (free butter fat) 

69 (control) 1-43 2-04 5:50 5-7 Open and loose Smooth, weak Very fair 
70 (with KCIO,) 1:19 2-27 5:58 5:7 Fair, uneven Harsh and sticky Fair 

71 (control) 1915 2-23 5:58 55 Good, uneven Harsh and sticky Fair 

The first of each pair of results gives the value after two months’ ripening and the second after five months’ 
ripening. Corrections have been made for the amount of nitrogen added as nitrate. 


Table IV. 


Oxidant Non-phospho- Total Non-protein 
KCN per Non-protein tungstic Sérensen Sérensen 
Lb. 1b. curd Total N N N N N 
Cheese No. curd g. —"— ——— X 
52 (with KCN) 16 0-12 3°72 4-2 
53 (control) 16 — 3°74 4-2 
54 (with KCN) 20 0-05 363 4:1 
55 (control) 21 — 3:54 4-06 
56 (with KCN) 19 y 3°82 4-24 
57 (control) 19 3°77 


3-0 


6 
2 
3 


Acidity 
Cheese No. ——"“—__ —— 7 Texture Body Flavour 

52 (with KCN) 1-35 2-11 5:57 Open Harsh and mealy Off 

33 (control) 1:36 2-11 5:60 Fair Lacks silkiness Good 

if (with KCN) — 2-87 5-60 Uneven Harsh, slightly weak Off 

90 (control) — 2-64 5:35 Fair Weak, lacks silkiness Fair 

56 (with KCN) — 1-88 5:74 Open Harsh, slightly mealy Fair 

97 (control) — 2-42 5-50 Loose and open Lacks silkiness Fair 

_ The first of each pair of results gives the value after 20 days’ ripening and the second after five months’ 


Tipening, 
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Graders’ report. No significant differences in texture were recorded. The 
smell of hydrocyanic acid was still very strong after five months. 


Ill. THE ROLE OF RENNIN, PEPSIN AND LACTOBACILLL. 


(1) THE EFFECT OF VARIOUS RENNET PREPARATIONS, 

Rennet used in cheese making is normally prepared from the stomachs of 
young calves. This extract contains chiefly rennin together with some pepsin, 
the former being defined as the enzyme responsible for coagulation of milk at 
an optimum pH of 6-2 and the latter as that hydrolysing the protein cation at 
an optimum pH of 1-2. With a view to determining the rdle of these enzymes 
(assuming they are distinct) in the ripening processes, cheese were made 
(1) with normal rennet, (2) with rennet acidified to pH 5 and heated to 70° C, 
for 2 min., thus destroying rennin but not appreciably affecting pepsin (9), 
(3) with rennet adjusted to pH 7-25 and warmed to 38° C. for 10 min., thereby 
destroying pepsin but not appreciably reducing rennin (9), and (4) with 5 per 
cent. commercial pepsin solution. The enzyme solutions were adjusted ap- 
proximately to the normal acidity (pH 5) of rennet before use. 

In order to determine the clotting abilities of these four preparations a 
preliminary test was made under cheese-making conditions. 


Table V. 
Rennet treated Rennet treated 
Ordinary at pH 7:25 at pH 5 Pepsin 
rennet (“rennin’’) (“pepsin”) (5 % solution) 

Milk (Ib.) 23-44 23-44 23-44 23-44 
Acidity (% lactic acid) 0-2 0-2 0-2 0-2 
Temperature (° F.) UT 77 78 78 
MI. rennet 6 6:6 9 18 
Coagulating time 14 min. 14 min. 45 sec. 24 min. 15sec. 10 min. 50 sec. 


It will be observed that destruction of the rennin has resulted in a con- 
siderable increase in the coagulation time, whereas the destruction of pepsin 
has had little influence on this reaction. In the manufacture of the cheese an 
attempt was made to obtain the same coagulating time in the experimental 
cheese as in the control. The relative protein degradation in the cheese made 
with these preparations is shown in Table VI. 

Graders’ report. No differences could be detected between cheese made 
with normal rennet and with preparations 2 and 3. With the pepsin solution 
(preparation 4) one grader noticed a tendency to bitterness. 

The most interesting aspect of these experiments is the fact that no 
apparent differences could be observed in the ripening when measured either 
by protein degradation or by the examination of the cheese by expert graders. 
In addition, there is no correlation between the time of coagulation and the 
extent of proteolysis (compare cheese Nos. 39 and 40, 47, 48 and 49, and 50 
and 51). These results suggest that the enzymes present in the rennet do not 
play a major réle in the ripening process. Protein degradation was measured 





Table VI. 
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after one week, one month and five months and no acceleration of proteolysis 
could be detected in those cheese in which a markedly shorter time of coagula- 


tion occurred. 


(2) THE ADDITION OF LACTOBACILLI TO THE STARTER. 


In these experiments about half a litre of a young vigorous culture in milk 
of Lactobacillus casei or Lactobacillus plantarum isolated from normal Cheddar 
cheese was added to the starter. The amount of non-protein nitrogen present 
in the cultures added was so small as to be negligible. Results are given in 
Table VII. 

Although no differences in the extent of protein degradation could be 
detected after five months, yet at the end of one month a more extensive 
degradation had taken place in cheese made with added lactobacilli as judged 
by the non-protein nitrogen figures. In the remaining fractions no difference 
was found. 

Graders’ report. There was apparently no effect on flavour or texture due 
to the addition of lactobacilli. 

Since lactobacilli are always found in increasing numbers in Cheddar cheese 
after one month (10), it is only to be expected that the effect of addition of 
lactobacilli to the starter would not be evident in the later stages of ripening. 
Up to one month, however, cheese to which large quantities of lactobacilli had 
been added would, presumably, ripen more quickly if lactobacilli were re- 
sponsible for the ripening process. These experiments thus present some evi- 
dence that lactobacilli may be responsible for the increase in the non-protein 


nitrogen in ripening cheese. 
SUMMARY. 


II. When added as an oxidant to cheese, copper, to the extent of 36 p.p.m., 
produced an abnormal flavour and markedly inhibited the ripening process. 
The remaining oxidants (KNO,, KClO, and KCIO,) held the cheese at a higher 
potential and decreased the amount of proteolysis, especially after five months. 

Potassium cyanide had no effect on the proteolysis or the oxidation- 
reduction potential. 

It is concluded, therefore, that normally the flora of cheese holds the 
oxidation-reduction potential at such a point that proteolysis is diminished if 
the potential is raised to the oxidative side. 


III. Variations in the amounts of pepsin and rennin appeared to have 
little effect on flavour, texture, body or ripening. There was apparently no 
correlation between clotting time and extent of proteolysis. The addition of 
lactobacilli with the starter appeared to accelerate the protein degradation in 
the early stages of ripening. 
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80. AN INVESTIGATION OF KUBAN 
FERMENTED MILK 


By V. M. BOGDANOFF. 
From the Dairy Products Research Institute, Moscow, U.S.S.R. 


A DESCRIPTION of the organisms found in South Russian sour milk products 
is not new to Russian literature. For example, fermented milk from the 
district of Don has been examined, and it has been found that both lactic and 
alcoholic fermentation products are present. The former are due to two types 
of lactic acid bacteria, 7.e. L. bulgaricus and Str. hollandicus, and the latter to 
two types of yeast. 

A preliminary examination of Kuban fermented milk (Kuban being ad- 
jacent to the district of Don) showed that its bacteriological components are 
essentially similar to those of Don fermented milk. A mere repetition of earlier 
work was, therefore, clearly unnecessary. The present work was undertaken 
not so much with the object of isolating and describing the organisms re- 
sponsible for the lactic acid fermentation, as of studying their symbiosis with 
one another as well as with the yeasts. This question has been given very little 
consideration by earlier workers. 

Microscopic examination of the curd showed organisms of the following 
types: (1) granular rods of varying lengths, (2) streptococci, appearing mostly 
as diplococci, and (3) yeasts. The streptococci and rods predominated. 

As a means of isolating the two former organisms, inoculations were made 
on plates of the following media: (1) beef peptone, (2) whey agar, and (3) milk- 
peptone gelatin. As has been previously observed with lactobacilli, neither 
organism manifested any growth on the first medium, while both showed poor 
growth on the whey agar. On milk-peptone gelatin both organisms formed 
normal colonies. In addition to the above inoculations, the Kuban fermented 
milk was plated on malt agar. From these plates three separate species of yeast 
were isolated, which could be distinguished from one another partly by their 
morphological and partly by their physiological characters. 


DESCRIPTION OF THE ORGANISMS. 

The rod appears as long threads which consist of separate segments 4-6 
microns long and 1-1-5 microns wide. In fresh culture the rod has an almost 
homogeneous plasm, while in old cultures the plasm consists of large granules. 
The rod is non-motile and Gram-positive. A fresh culture of the rod will 
coagulate milk at 35° C. in 14-16 hours, but after a series of passages through 
milk the time of coagulation slows to 24 hours. The curd is firm, and the 
acidity (from fresh culture inoculations) attains 138° T.1 after 24 hours and 


1 It is assumed that 10° T. represents 1 c.c. V/10 NaOH per 10 c.c. milk (Thérner’s scale). 
(Eprrors.) 
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192° T. after 72 hours when incubated at 35° C. The best growth is secured in 
milk-peptone gelatin (in Burri tubes), and depth colonies have a characteristic 
rhizoid appearance, with centres which appear black. The rod is a facultative 
anaerobe. On morphological grounds, admittedly rather uncertain, the rod 
cannot be distinguished from L. bulgaricus. 

The streptococcus forms long chains before, and short chains after, coagula- 
tion. Separate segments are 1-15 microns long and 1-5 microns wide, and 
exhibit the usual pleomorphism. The streptococcus is non-motile and Gram- 
positive. A fresh culture curdles milk in 14-16 hours, while the acidity attains 
96° T. after 24 hours and 98° T. after 72 hours, when incubated at 35° C. The 
coagulation of milk is as rapid at 30°C. as at 35°C. The streptococcus is a 
facultative anaerobe, although a less strict one than the rod. It appears to 
have affinities with Str. hollandicus. 

As regards the yeasts, their characteristics may be summarised as follows: 

Yeast I. This organism ferments neither wort nor milk media, and re- 
sembles Mycoderma. 

Yeast IIT, This organism ferments wort, but not milk media. 

Yeast III, This organism ferments both wort and milk media. It appears 
to be of the Torula lactis type. 


Symbiotic relationships. 

A study of the symbiotic relationships of the organisms was undertaken 
with the object of ascertaining the most important components which de- 
termine the vitality of the starter. An attempt was made to determine whether 
the symbiosis of the organisms was casual (7.e. accidental) or whether it was a 
regular feature of the fermentation process. The influence of the yeasts on the 
durability of the starter was also investigated. 

(a) Growth and acid production of separate cultures. The effect of variations 
in temperature (room temperature, 30 and 35°C.) on the growth and acid 
production of the streptococcus and the rod separately was first determined!. 
It will be seen from Table I that 35° C. was a more favourable temperature for 
the growth of the streptococcus than 30° C. (a distinction from the common 
types of lactic acid streptococci), but that the amount of acid produced in the 
streptococcus cultures was less at 35° C. than at 30° C. The rod gave reverse 
results, maximum acid production occurring at 35°C. With the rod, growth 
rate was identical at 30° and 35° C. 

There was little difference in acid production between the streptococcus and 
the rod for the first 24 hours’ incubation, but after this time there was no 
appreciable increase in acidity in cultures of the streptococcus, whereas acid 
production proceeded in cultures of the rod. This accounts for the marked dif- 
ference in the total acid production of the two organisms at the end of 72 hours. 

1 The growth of the organisms was determined by direct microscopic counts, using the method 


of Dreyor-Koroleff. The details of this method are given in the Proceedings of the Institute (Bulletin 
No. 77). 





V. M. BoapANoFrr 155 


In this period the streptococcus produced an acidity of 98-108° T., while the 
cultures of the rod attained 172-192° T. 

It will also be seen that, within a period of seven days, neither the strepto- 
coccus nor the rod produced acid when kept at room temperature. This is 
characteristic of rod forms, but is unusual among the lactic acid streptococci, 
which normally grow slowly at room temperature. This fact indicates that the 
streptococcus in the fermented milk is rather more thermophilic. 

(b) Growth and acid production of natural starters. A study was next made 
of the growth and acid production of natural starters. It is evident from 
Table II that the total acid production of the combined organisms differed 
from that of the separate components. Thus the acidity produced by either the 


Table I. The growth and acid production of the 
organisms in separate cultures. 


Period of incubation 





3 6 9 12 15 24 72 7 
hours hours hours hours hours hours’ hours days 


The streptococcus At room temperature 
Acidity (deg.) — — _ — 28 28 28 
Number of cells (millions) — -- _ oo 2 26 2 
The rod 
Acidity (deg.) — — - 28 28 
Number of cells (millions) — — 0-6 06 0-6 


The streptococcus At 30° C. 
Acidity (deg.) y 28 28 40 60 100 108 
Number of cells (millions) y 2 21 260 600 1000 700 
The rod 
Acidity (deg.) y 28 30 36 64 124 172 
Number of cells (millions) 1 13 80 460 1500 1200 


The streptococcus At 35°C. 
Acidity (deg.) 28 28 30 8 40 64 96 98 
Number of cells (millions) 2 6 70 360 1200 1400 1000 
The rod 
Acidity (deg.) 28 38 66 138 192 
Number of cells (millions) 0-6 70 480 1200 1130 


streptococcus or the rod grown alone attained only 64-66° T. in 15 hours, 
whereas the natural starter gave an acidity of 108-120° T. in the same time. 
With the separate cultures coagulation of the milk occurred in about 15 hours, 
but with the natural starter it occurred in 8 hours at 35° C. and in 10 hours at 
30° C. When the bacterial growth in the starter is compared with that in the 
separate cultures, it is seen that both the streptococcus and the rod multiplied 
more rapidly in the former, the increase in acidity being in direct proportion 
to the increase in bacterial count. 

(c) Growth and acid production of mixed cultures. In order to ascertain 
which components of the natural starter were responsible for the enhanced acid 
production noted above, milk was inoculated with mixed cultures of the 
streptococcus and the rod. The results are shown in Table III. From a com- 
parison of Tables II and III it is obvious that a combination of these two types 
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of lactic acid bacteria gave the same acidity as the complete starter, the total 
bacterial counts being about the same in each case. It appears therefore that 
the streptococcus and the rod, working in close symbiotic relationship, were 
capable of mutual stimulation. These results have their parallel in the con- 
clusions reached by Kolenoff, Unitsky and Batchinsky that the acid production 


Table II. The growth and acid production of the 
organisms in natural starter. 


Time of observation 
——s % 








< 
3 ‘hours 6 hours 9 hours 12 hours 15 hours 
At room temperature 
Acidity (deg.) 28 28 28 28 30 
Number of cells (millions) 
The streptococcus 5 6 7 8 9 
The rod 1-6 1-6 2 2 2 
The yeasts — 0-6 0-6 0-6 0-6 
At 30° C. 
Acidity (deg.) 28 32 52* 84 108 
Number of cells (millions) 
The streptococcus 10 170 381 500 1000 
The rod l 10 100 250 300 
The yeasts l 1 1 1 1 
At 35° C, 
Acidity (deg.) 28 32 72* 100 120 
Number of cells (millions) 
The streptococcus 28 240 770 1000 1600 
The rod 1 22 170 400 600 
The yeasts — 0°8 0:8 0:8 1 
* Milk curdled. 
Table III. The growth and acid production of the 
organisms in artificial combination. 
Time of observation 
Cc enn ™ 
3 hours 6 hours 9 hours 12 hours 15 hours 
At 30°C. 
Acidity (deg.) 28 32 64 96 118 
Number of cells (millions) 
The streptococcus 10 80 430 580 900 
The rod 36 24 124 155 260 
At 35°C. 
Acidity (deg.) 28 32 68 108 124 
Number of cells (millions) 
The streptococcus 28 110 670 700 1200 
The rod 10 27:5 170 348 500 


in Don fermented milk is not due to the separate production of acid by either 
the streptococcus or the rod, but by the combined action of both. 

Moreover, it will be observed by comparison between Tables II and III that 
the presence of the yeasts did not directly influence the bacterial growth or 
acid production in the natural starter. This fact does not, however, exclude the 
possibility that the yeasts may exert some influence on the longevity of the 
bacterial components during prolonged storage. 
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(d) The function of the yeasts. In order to study in more detail the part 
played by the yeasts in natural starter, a further series of experiments was 
made. Cultures of the two lactic acid bacteria, singly, in combination, and 
with the yeasts, were stored, without re-inoculation, at three temperatures, 
i.e. at 35° C., at room temperature, and in cold storage. The results are given 
in Tables [Va and IVs. In the latter table the ratio of organisms surviving 
in the mixed cultures at different dates are recorded in addition to the time of 
survival. The figures show clearly that the function of the yeasts is to assist in 
the preservation of the normal properties of the starter. A starter without 
yeasts very quickly loses its activity and becomes unfit for practical use. 





V. M. BogDANOFF 
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Table IVa. Survival periods of pure cultures. 


The streptococcus The rod 
Days of observation ... 7 14 21 30 37 45 = 60 7 14 21 30 
At 35° C. + - : : , : : 5 = 
At room temperature + + - : ; : : + ce - 
In cold storage + + + + + + - + + + = 


Table IVs. Percentage survivals and survival periods of 
mixed cultures and natural starter. 


Streptococcus plus rod Natural starter 
Days of observation... 7 14 21 30 45 7 14 21 30 45 60 75 90 100 
Percentage relation 





between individual Percentage relation between 
components of the individual components of 
culture the starter 
At 35° C. r A ~ A . 
The streptococcus 1—- —- — — 600 1 —-— —- —- —- —- — = 
The rod 9 — — — — 269 — — — —- —-- - 
The yeasts - -—- —- — = 5 —- —- —- —- —- -—- - 
At room temperature 
The streptococcus 40 0 0—- — wae O08 3 ¢ 4— == 
The rod 60 100 100 — — 20 60 99 95 63 52 50 16 — 
The yeasts - - —- — — 8 1 05 2 30 44 50 8 — 
In cold storage 
The streptococcus 80 20 — — — 60 58 17 WU F—_—_—- = 
The rod 20 80 — — — 36 39 80 80 78 50 70 5 — 
The yeasts - - —- — — 4 3 3 9 20 50 30 9 — 





Thus it will be seen that the streptococcus and rod forms, when cultivated 
singly or in combination at 35° C., died out before 14 days, whereas in the 
natural starter they survived beyond this period. At lower temperatures the 
results are far more striking. At room temperature the streptococcus and rod, 
cultured separately, each died out during the third week, while, when cultured 
together, the streptococcus died during the second week and the rod during 
the fourth week. In cold storage the separate organisms kept slightly longer. 
The rod died out during the fourth week, whereas the streptococcus survived 
up to 45 days!; in combination both organisms died during the third week. 
On the other hand, a combination of all the components of the natural starter, 

* It should be noted that the relatively long life of the streptococcus in this experiment can 
probably be explained by the fact that the surface of the culture was contaminated with mould. 


Moulds, according to several investigators, preserve cultures of lactic acid bacteria in the same 
Manner as yeasts. 
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including the yeasts, kept for a much longer time. At room temperature the 
streptococcus survived for 75 days, and the starter finally ceased to curdle 
milk in 100 days. Almost identical results were obtained in cold storage. 

Thus the presence of yeasts in the Kuban fermented milk results in a 
marked increase in the stability of the lactic acid bacteria combination, and 
yeasts must therefore be recognised as an essential component in the symbiotic 
relationships in this product. In order to break up this symbiosis, it was found 
necessary to keep the starter for 2-24 months without re-inoculation. When re- 
inoculation is carried out at the proper time, the starter retains its activity 
unimpaired for a very long time. For example, there is a starter at this In- 
stitute which is six months old, re-inoculation having been carried out every 
7 days. The curdling time of the starter has remained constant throughout this 
period. On the other hand, a two-months-old mixed culture of the strepto- 
coccus and rod already requires a longer time for curdling than the natural 
starter. 

(e) The significance of Str. lactis. While working with the fermented milk 
it was noticed that the ordinary lactic acid streptococcus (Str. lactis) was never 
isolated. This may have been the result of the extremely careful methods of 
preparation by which ordinary streptococci were excluded, or it may be due 
to the fact that they do not find favourable growth conditions in the Kuban 
fermented milk, and so are suppressed by its normal flora. 

In order to investigate this point 1 c.c. of natural starter and 1 ¢.c. of a 
fresh culture of Str. lactis were inoculated into 150 c.c. of sterilised skim milk 
and incubated at 30°C. Samples were withdrawn for examination at 2, 4, 
6 and 8 hours. The direct count method allowed the estimation of both species 
of streptococci, since they differ considerably in size. The results are given in 
Table V. 

Table V. The growth of organisms in milk inoculated with 


natural starter and Str. lactis. 


Time of observation 
A 





cf ‘\ 
Organism 2 hours 4 hours 6 hours 8 hours 
Number of cells (millions) 
The streptococcus 10 20 70 310 
Str. lactis 30 110 500 1200 
The rod 0-8 0:8 10 49 


The organisms of the natural starter developed in a normal manner, but 
the Str. lactis multiplied extremely rapidly and, through its greater acid pro- 
ducing capacity, obscured the activity of the starter organisms and gave the 
product the taste of ordinary sour milk. The results demonstrate, therefore, 
that it is essential when preparing Kuban fermented milk to use milk in w hich 
Str. lactis has either been killed or its growth inhibited (e.g. heated milk). As far 
as can be ascertained from descriptions received from local residents, it is usual 
to prepare both Kuban and Don fermented milk from heated milk. Moreover, 
highly experienced housewives endeavour not to break the surface film, but 
inoculate through a carefully made opening in the film. 
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(f) The taste of the fermented milks. In conclusion, records have been made 
of the taste of fermented milks prepared by using the different organisms 
referred to in this paper. These are summarised in Table VI. 


V. M. BoapANOFF 


Table VI. 
Type of starter used Taste just after curdling 
1. Kuban curdled milk Soft, very slightly sour 
2. Mixed culture of the streptococcus and Very sour 
rod 
3. The rod alone Slightly sour 
4. The streptococcus alone Very slightly sour 
5. Kuban curdled milk plus Str, lactis Resembles the taste of ordinary sour milk 


made from pure cultures of local strains of 
the streptococcus 
The results confirm the assumption that all the components of the natural 
starter are necessary in the preparation of Kuban fermented milk. Absence of 
the yeasts, which have been considered by former investigators as accidental 
contaminants, gives a product so sour to the taste that it is unpleasant for use 
as food. This pronounced acidity is evidently modified by the yeast, which 
gives a soft and slightly sourish taste to the curdled milk. Neither the strepto- 
coccus nor the rod, used separately, gave the characteristic taste peculiar to 
Kuban fermented milk: the sour taste was hardly perceptible under these 
conditions. Fermented milk containing Sér. lactis (as well as fermented milk 
prepared from raw milk) loses the specific taste of Kuban fermented milk, 
and closely resembles ordinary sour milk. 


SUMMARY. 


1. Kuban fermented milk is characterised by two types of fermentation, 
i.e. lactic acid fermentation and alcoholic fermentation. 

2. The micro-flora of such milk always embrace the following components: 
(a) a lactic acid producing streptococcus resembling Str. hollandicus; (b) a lactic 
acid producing rod of the type of L. bulgaricus; and (c) three types of yeast. 

3. There is close symbiosis between the component organisms. The two 
lactic acid producing organisms can function normally in the absence of the 
yeasts. The latter, however, prolong the vitality of the starter and also impart 
a specific taste to the fermented milk. 

4, Inoculation of the natural starter with Str. lactis results in a rapid multi- 
plication of this organism and an over-production of acid, which imparts to the 
fermented milk the taste of ordinary sour milk. A similar undesirable taste is 
produced if the fermented product is prepared from raw, instead of heated, 


milk. 


(MS. received for publication February 12, 1934.) 
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BIENNIAL REVIEWS OF THE PROGRESS 
OF DAIRY SCIENCE 


SECTION D. THE DISEASES OF DAIRY CATTLE 


I. Bovine tuberculosis. 
II. Contagious abortion. 
III. Mastitis. 


I. BOVINE TUBERCULOSIS. 


TUBERCULIN TEST. 


As the tuberculin test forms the most important method of diagnosing tuberculous 
infection, the need for the adoption of a reliable and uniform technique in its applica- 
tion is obvious. The three methods most commonly employed are (1) the ophthalmic, 
(2) the subcutaneous, and (3) the intradermal test. 

Following the issue of a publication by Buxton and MacNalty (1) the so-called 
double intradermal test has become widely recognised as the most satisfactory 
method of diagnosis. Its reliability and superiority over the ophthalmic or sub- 
cutaneous test is not, however, entirely unchallenged. Few workers place much 
reliance on the ophthalmic test, especially when used alone, but many well-known 
veterinarians retain considerable confidence in the subcutaneous test. Wilson (2) gives 
a comparison of results obtained by the subcutaneous and double intradermal tests. 
He points out that there is a greater degree of uncertainty in the interpretation of the 
double intradermal test than the subcutaneous test. In his opinion the double intra- 
dermal test errs, if at all, on the side of safety. That is, it will be more likely to indicate 
that a non-infected animal is a reactor than to give a negative reading in an infected 
animal. This opinion is shared by Smith (3). Tweed (4) mentions the difficulties in- 
volved in the interpretation of border-line cases diagnosed by the double intradermal 
test. He states that difficulties occur most frequently in thick-skinned animals, and 
suggests that all genuinely doubtful cases should be retested at a later date using a 
broth control. Verge (5) holds that, while the double intradermal test is more com- 
plicated than the single intradermal, it is only slightly more reliable, since doubtful 
reactors still occur. The subpalpebral test is regarded by Smythe (6) as the most 
satisfactory. It consists of the subcutaneous inoculation of 3-5 minims of con- 
centrated tuberculin into the base of the lower eyelid. Reaction is visible at the 24th 
hour but more marked at the 48th. Smythe maintains that this test eliminates the 
so-called doubtful reactors which are encountered with other tests. The present 
author has carried out this test on a number of animals, both reactors and non- 
reactors to the double intradermal test, and has found it quite satisfactory. He could 
not obtain, however, any evidence of its superiority over other methods, and he 
found its application more difficult. Gofton (7) maintains that the subcutaneous test, 
when carefully carried out and faithfully interpreted, is a most reliable and trust- 
worthy diagnostic agent. Malcolm(s) gives it as his opinion that, if the human 
element could be eliminated in the manufacture of tuberculin and also in the applica- 
tion and interpretation of the tuberculin test, this test would become 100 per cent. 
efficient. Balozet, Zottner and Deviras (9) reported that, owing to the wide disagree- 
ment in the interpretation of both the double ophthalmic and single intradermal test, 
the results should always be confirmed by the subcutaneous test. Glover (10) stresses 
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the necessity for the second injection of tuberculin, since he states that there is quite 
an appreciable percentage of animals which fail to give a significant reaction to only 
one injection. He emphasises the relative unimportance of the measurements, as 
compared with the character, of the swelling. Jordan (11) gives an account of his 
experiences using the double intradermal test in an experimental bovine tuberculosis 
eradication scheme in Scotland. The test was applied to over 10,000 animals during 
a period of four years. Jordan found that occasional doubtful reactors did occur, 
and, while the majority of these subsequently gave positive results, he maintains 
that, having given consideration to an animal’s history, such cases must be occa- 
sionally recognised and treated accordingly. For the purpose of the control of bovine 
tuberculosis this author gives it as his opinion that the double intradermal test is 
entirely satisfactory. He maintains, however, that there is urgent need for further 
investigation of the reliability and interpretation of the test. 

Considerable tuberculin testing is carried out in the United States where reliance 
is placed on the intradermal test. The technique applied varies from that employed 
in Great Britain. Only a single injection is made, but it is duplicated. The caudal 
fold and the lips of the vulva are the sites usually selected for the injections. There 
are, however, differences of opinion among American workers as to the reliability of 
this technique. McIntosh (12) deals with some of the problems encountered. 


Bovine Tuberculosis 


SKIN LESIONS. 


American literature has recently contained a number of papers dealing with so- 
called skin lesion reactors. This is a condition which, although apparently unrecog- 
nised in this country, is causing anxiety in connection with tuberculosis control in 
America and Canada. 

Traum (13), in 1916, was the first to report the finding of acid-fast bacilli in skin 
lesions, and in 1919 he succeeded in obtaining a culture of an acid-fast organism from 
a typical case (14). He was unable to produce lesions in guinea-pigs and rabbits with 
this organism. He was, therefore, led to consider the organism as not being a true 
mammalian tubercle bacillus. In later work Traum (15, 16) has again made attempts 
to isolate tubercle bacilli from such lesions, but without success. Beach and 
Hastings (17) reported unsuccessful attempts to obtain cultures or animal inoculations 
from sixty-four skin lesions from as many tuberculin-reacting animals. Similar 
negative results are recorded by Carpenter and Goldberg (18). These authors were, 
however, able to produce nodular skin lesions by the inoculation of bovine tubercle 
bacilli into the skin of cattle. Crawford (19) and Mitchell (20) failed to demonstrate 
definite tubercle bacilli. The latter made 100 unsuccessful attempts to infect labora- 
tory animals from skin lesions. He succeeded finally in infecting a rabbit, which died 
in 131 days. Cultures of an acid-fast organism were isolated, and these produced, on 
inoculation into a calf, a lesion which had the appearance of a skin lesion. Elder and 
Lee (21) produced local lesions in three cows by subcutaneous injections of avian 
tubercle bacilli. These animals subsequently reacted to mammalian tuberculin. 
Van Es (22) subjected forty different sets of skin lesions to typing experiments and 
concluded that apparently no living tubercle bacilli were present. Daines and 
Austin (23) give a table showing that in Utah, from 1927 to 1931, 3323 reactors were 
slaughtered, and of these 1681 had skin lesions. These lesions occurred chiefly on the 
legs, shoulders and teats. They suggested that skin inoculation through small wounds 
was the most likely method of infection. These authors recovered acid-fast organisms 
of various pleomorphic forms, which, however, did not produce tuberculosis in guinea- 
pigs, rabbits, chickens or cattle. In later work Daines and Austin (24) report that, in 
1930, 84,620 cattle were tuberculin tested. There were 622 reactors and of these 
63 per cent. were found to exhibit no tubercular lesions except those confined to the 
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skin. Mitchell (25, 26) gives an account of experiments conducted in an attempt to 
determine whether the acid-fast bacilli found in skin lesions are tubercle bacilli or 
not. Cultures made from bacilli taken from skin lesions were typed by the usual 
animal inoculation methods and it was found that none of the strains conformed to 
either the human, bovine or avian types. A normal 3-day-old calf was inoculated 
subcutaneously with bacilli isolated from a naturally occurring skin lesion. A guinea- 
pig inoculated from the same culture died in 32 days from generalised tuberculosis. 
The calf developed a skin lesion about the size of a hen’s egg, but there was no ten- 
dency to metastasis. The animal reacted repeatedly to tuberculin. When the calf was 
24 years old the lesion was dissected and parts of it were inoculated into one rabbit 
and two guinea-pigs. Both guinea-pigs showed evidence of tuberculosis, but the 
rabbit, killed 116 days after inoculation, did not. Mitchell is of the opinion that these 
skin lesions are of a tuberculous nature, and discusses the possible adaptations of the 
acid-fast bacilli causing them. Marsh, Warren and Morrow (27) found the majority 
of the lesions on the teats. They suggest that the reaction to tuberculin exhibited by 
cattle showing these lesions is not typical of the reaction produced in the definitely 
tuberculous animal. The difference in reaction as described by them is not, however, 
very clear. Russell (28) found that fifty head of reacting cattle drawn from various 
parts of the country provided fifty-six lesions. These lesions, some of which occurred 
singly, others in patches or chains, were found chiefly on the skin of the extremities. 
The contents of the lesions varied. Of the fifty-six lesions described thirty-seven 
proved to be tubercular, three foreign body pseudotuberculosis, fifteen pyogenic 
abscesses and one acariasis. 

Considerable doubt appears to exist as to whether tubercle bacilli are in any way 
associated with the majority of cases of so-called skin lesions. It has been suggested 
that organisms such as the Preisz Nocard bacilli, as well as certain saprophytic 
organisms, are sometimes responsible for the condition. It appears that whenever 
careful search is made of microscopic smears, taken from skin lesions of tuberculin- 
reacting cattle and stained by the Ziehl-Neelsen method, it is possible to find from 
practically all lesions acid-fast and also non-acid-fast organisms of different shapes 
and sizes. These organisms are comparatively easily cultivated on a modification of 
Petroff’s medium, a small percentage of carbon dioxide being required. There seems 
to be no explanation as to why the animals exhibiting these lesions should react to 
tuberculin if they are not in fact infected with tubercle bacilli. The importance of 
establishing the cause of the reaction in these cases is, however, obvious to those 
interested in bovine tuberculosis eradication. 


AVIAN TUBERCULOSIS IN BOVINES. 


A factor which may not always be given sufficient consideration when the control 
of bovine tuberculosis is contemplated is the possible occurrence of avian tuberculosis 
in bovines and of its spread from tuberculous hens. 

Cobbett (29) and Calmette (30) record cases of bovines suffering from avian tuber- 
culosis. Plum (31), Shalk (32), Van Es and Martin (33), and Plum (34) have all demon- 
strated the avian type of bacillus in cases of tuberculosis in bovines. Minett (35) 
found avian tubercle bacilli to be present in three calves and two adult bovines be- 
longing to three herds. These animals reacted to Johnin, avian tuberculin and in a 
lesser degree to mammalian tuberculin. A post-mortem examination in each case 
failed to show any evidence of Johne’s disease or bovine tuberculosis. Plum (36) 
reports that simultaneous intradermal tuberculin tests with bovine and avian tuber- 
culin and with Johnin were undertaken on about 200 cattle suffering from bovine and 
avian tuberculosis and Johne’s disease respectively. It was found that cattle suffering 
from bovine tuberculosis present approximately the same slight reaction to Johnin 
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and to avian tuberculin. In cattle infected with avian tuberculosis some time 
previously (about one year) the reaction seems to be a little stronger to avian tuber- 
culin than to Johnin, while in quite recently infected cattle there appears to be a 
considerably stronger reaction to avian tuberculin than to Johnin. In cattle suffering 
from Johne’s disease the reaction appears to be stronger to avian tuberculin. The 
author points out the difficulty of using Johnin as a differential diagnostic agent, and 
also illustrates the importance of avian tuberculosis in relation to the tuberculin test 
in cattle. Mitchell (25) makes similar statements, and has also demonstrated avian 
tuberculosis in cattle. Hastings, Wisnickey, Beach and McCarter (37) report on the 
detailed study of two groups of cattle consisting of “one reactor-per-herd” animals. 
It appears that some organism other than the bovine tubercle bacillus may sensitise 
cattle to tuberculin. The organisms to which consideration has been given in this 
connection are the avian and human tubercle bacillus, possibly Johne’s bacillus and 
the saprophytic members of the acid-fast group of bacteria. The authors believe that 
the herd history may, in the final stages of the eradication of bovine tuberculosis, 
serve as a supplement to the tuberculin test. 

It seems that, when the avian type of bacillus is the responsible organism, 
demonstrable lesions are likely to be isolated, especially solitary lymph nodes. It has 
been suggested by American workers that many of the so-called “‘skin” lesions and 
the so-called “‘no lesion” reactors, as described by Watson (38) and others, may be 
due to avian tubercle bacilli. 

While the incidence of avian tuberculosis in bovines is presumably not great, its 
possible presence cannot be neglected. 


Bovine Tuberculosis 





VACCINATION. 


There are two methods of attempting to control tuberculosis in cattle. One is by 
eradication and the other is by efficient vaccination. Many would prefer the latter 
method, as they regard the former as impractical because of the risk of infection from 
outside sources, accompanied by rapid spread. There is, of course, much to be said in 
favour of efficient vaccination. Such a method of control must, however, fulfil two 
conditions before it can be recommended: (1) it must be safe, and (2) it must confer 
an active and lasting immunity. 


B.C.G. vaccine. 


At the present time considerable attention is being given to the method of 
vaccination introduced by Calmette and Guérin. Their vaccine, commonly known as 
B.C.G. vaccine, is made from a bovine strain of tubercle bacillus which has been 
attenuated by 230 passages on an alkali-lipoid containing culture medium consisting 
of potato soaked in ox-bile. It is claimed by its inventors that this vaccine, while 
producing an active immunity, is in itself incapable of producing progressive tuber- 
culosis in the vaccinated animal. Much experimental work has been undertaken to 
ascertain whether these claims are valid. 

Cotton and Crawford (39) carried out an experiment using eight vaccinated cattle 
and eight controls. All the animals were subjected to a natural infection through 
contact with tuberculous cows. The experiment was continued for a five-year period, 
when it was found that there was little difference in the extent of the disease between 
the vaccinated and the control animals. Hayes, Haring and Traum (40) state that one 
injection of B.C.G. by subcutaneous, intramuscular or intravenous routes or three 
treatments per os failed to give swine sufficient protection against infected food or 
intravenous infection to prevent generalised tuberculosis. Calmette’s instructions as 
to protection from infection for a period after vaccination had been observed. Very 
extensive work has been carried out by Watson, McIntosh and Konst (41) in Canada. 
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They have carried out several series of experiments using vaccinated and non- 
vaccinated calves and subjecting both groups to varying degrees of natural infection, 
Their general conclusions are that, while B.C.G. may slightly retard the progress of 
the disease (especially if the infection to which the animals are exposed is slight), it 
does not confer any lasting or even advantageous immunity. It would seem from 
their experiments that any immunity which results from the use of B.C.G. is transient 
and declines rapidly as the animals approach maturity. 

Other workers have carried out experiments the results of which are in complete 
contradiction to those mentioned above. Bang, Jundell and Magnusson (42) used 
calves in an investigation to test the efficiency of B.C.G. as a vaccinating agent. They 
subjected their animals both to infection by direct contact with tuberculous cows and 
to intravenous inoculation with a virulent culture of bovine tubercle bacilli. Control 
animals all developed intensive tuberculosis, while the vaccinated calves exhibited 
definite signs of resistance. Buxton and Griffith (43) give an account of an extensive 
and carefully controlled experiment, the findings of which are, however, somewhat 
inconclusive. It would seem from their work that the oral administration of the 
vaccine is not satisfactory, and it appears that subcutaneous inoculation is also 
uncertain. Intratracheal injection showed a very similar result. Intravenous 
administration appeared to be the safest method of vaccination. Even this method, 
although demonstrating a marked resistance to the disease, did not appear to be 
infallible. The test animals were, however, receiving very large doses of infectious 
material, far in excess of what would be expected under natural conditions. Griffith, 
Buxton and Glover (44), in a further series of results, claim that the double intra- 
venous inoculation of B.C.G. can confer on calves a very high degree of resistance 
against a dose of virulent bovine culture administered by the same route. Gerlach (45) 
claims that his work in Austria demonstrates that a decided immunity follows the 
administration of B.C.G. vaccine. Rankin, Ower, Shaw, Talbot and Vango (46) also 
showed that vaccinated calves exhibited considerable resistance to a mild natural 
infection. They claim that the oral administration of the vaccine probably produces 
moderate resistance in bovines. Apart from these experiments with calves the small 
laboratory animals have also been used to illustrate the resistance conferred by the 
use of this vaccine (Birkhaug (47, 48)). 

The most controversial question in connection with B.C.G. vaccine is whether or 
not the bacilli do, under any circumstances, regain their original virulence, and 
whether the vaccine itself is capable of producing progressive lesions of tuberculosis. 
Ascoli (49) claims that B.C.G. is incapable of producing progressive tubercular lesions. 
He reports that the results obtained in Italy from the inoculation of more than 6500 
calves under strictly controlled conditions provide adequate proof of the innocuous 
nature of the vaccine. Birkhaug (47) found that the vaccine produced only local and 
subsequently healing lesions in guinea-pigs. Buxton and Griffith (43) noted that the 
strain of B.C.G. used for their calf experiments was in itself avirulent. Calmette (50) 
refutes the results obtained by Dreyer (vide infra) and by Petroff. He suggests that 
the latter’s claim to have isolated a virulent S colony from B.C.G. was due to con- 
tamination with virulent human bacilli. Calmette contends that, when the vaccine 
is used in accordance with his instructions, the lesions produced are benign and show 
no evidence of progression. He offers the opinion that, since in the past seven years 
more than one million children have been vaccinated with B.C.G. without ill effects, 
the method must be accepted as safe. Griffith (51) inoculated sixty-two guinea-pigs 
subcutaneously with B.C.G.; none of these died as the result of the injection. Cultural 
experiments showed that B.C.G. persisted for a comparatively brief period in the 
bodies of the guinea-pigs. Monaldi and Bassi (52), using rabbits, also demonstrated 
that, while the organisms live and multiply for two or three months, they appear to 
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show no increase in virulence and that the local lesions caused by inoculation tend to 
heal. Rankin (53) demonstrated the resistance conferred by B.C.G. vaccine, and its 
non-pathogenicity for calves, over a period of one year. Later Rankin, Ower, Shaw, 
Talbot and Vango (54) again demonstrated the harmless nature of this vaccine. Other 
authors who have attempted, unsuccessfully, to restore the virulence of B.C.G. 
organisms include Sabatucci (55), Saenz (56, 57, 58), and Saenz and Costil (59). 

Dreyer and Vollum (60) cultivated two strains of B.C.G. in the depth of veal- 
peptone bouillon. The growth obtained was used for animal inoculations, and the 
results indicated that under these conditions of reduced oxygen tension the virulence 
of B.C.G. could be restored and the vaccine could produce progressive tuberculosis. 
Moussu (61, 62) also claims that B.C.G. can regain its original virulence. Monaldi (63) 
attempted to confirm the results of Dreyer and Vollum by culturing B.C.G. in rabbit 
blood in sealed pipettes under a reduced oxygen tension. He did not find any 
modification of virulence. Calmette and Guérin (64) also investigated this report and 
they conclude that the virulent tubercle bacilli which were found were unconnected 
with the B.C.G. vaccine. 

The general consensus of opinion appears to be that B.C.G. vaccine does produce 
local lesions when inoculated into all species of susceptible animals, but that these 
lesions tend to heal, with the result that the animal is left with a varying and rather 
uncertain degree of immunity. There is no satisfactory evidence that under carefully 
controlled conditions the vaccine itself regains its original virulence. It will be some 
years before the full value of this vaccine can be assessed, as it is essential that the 
duration of the protective effect should be thoroughly investigated. It should, how- 
ever, be noted here that, even if B.C.G. vaccine proves to be a satisfactory protective 
agent, its widespread adoption would have, from the agricultural and administrative 
aspects, a serious drawback. This arises from the fact that animals vaccinated with 
B.C.G. vaccine become, for an indefinite and unknown period, reactors to the 
tuberculin test. Thus our only method of diagnosing the presence or absence of active 
bovine tuberculosis in cattle is rendered useless, and the differentiation of vaccinated 
from naturally infected animals is impossible. 


Bovine Tuberculosis 


Spahlinger’s vaccine. 

In recent years attention has been directed to a vaccine prepared by Spahlinger. 
This is a dead vaccine, differing from most other dead vaccines inasmuch as the 
organisms are not killed by any heat treatment. They are taken from the nutrient 
culture medium on which they are grown and in emulsion form are stored in sterile 
ampules in a dark, cool place until they die as a result of lack of nutrition and oxgyen. 
This procedure takes about one year. Satisfactory results are claimed for this vaccine. 
An experiment on calves was carried out in 1930 under the supervision of Major- 
General Sir Frederick Maurice, K.C.M.G. The results indicated a resistance to massive 
infection with living bovine tubercle bacilli. Lamont, Kerr and Shanks (65) are now 
subjecting the vaccine to a rigorous test in Northern Ireland. Their work is being 
carried out in conjunction with Spahlinger, and their preliminary results are very 
encouraging. In view of the importance of investigating all possible methods for 
controlling bovine tuberculosis, it is unfortunate that this vaccine is receiving such 
limited attention. 

Other vaccines. 

Raw (66), as a result of subculturing tubercle bacilli since 1906, has also introduced 
avaccine. After twenty-three years the cultures were found to be avirulent. These 
attenuated organisms were used in the manufacture of his vaccine, and it is claimed 
by the author that good results have been attained with a large number of calves. 
No independent trial of this vaccine appears to have been made by other workers. 
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ERADICATION. 

As an alternative to vaccination, methods of eliminating bovine tuberculosis, 
either by segregation or slaughter methods, have been widely adopted. As a full 
summary of recent results has been published elsewhere by the present author 
(Jordan (11)) it is not proposed to include a review of the subject here. 


II. CONTAGIOUS ABORTION. 


INCIDENCE AND CONTROL. 

Abortion is a disease which is by no means restricted to the British Isles. It is 
reported as a source of great loss in most countries, including America, Canada, 
Germany, Finland, Denmark, Switzerland, Belgium, and France. There seem to have 
been few attempts to show the direct financial losses incurred, but Rich (67) states that 
the direct and indirect losses from contagious abortion in the United States have 
recently been estimated at $ 175,000,000 annually. He puts these losses as occurring 
under four chief headings: (1) milk production, (2) loss of calves, (3) depreciation of 
stock, and (4) breeding difficulties. According to Kitselman (68) about 20 per cent. of 
the breeding herds in America are infected with abortion. If by infected one includes 
all herds containing reactors to the agglutination test, this estimate is far below the 
extent of infection which exists in British herds. 

Many attempts have been made to control contagious abortion and these may be 
classed under two main headings: (1) control by agglutination testing and isolation, 
and (2) control by vaccination. According to Ziegler and Teichmann (69) the disease 
is under veterinary control in Saxony, where 26,000 animals in 1250 herds are under 
observation. Quarterly visits are made and necessary treatments and vaccinations 
carried out. Non-pregnant animals receive two doses of living vaccine at 14-day 
intervals, while pregnant animals receive dead vaccine. It appears from a report by 
Stenius (70) that in Finland, where the disease is notifiable, it is much more prevalent 
in the southern and mid-west districts than in other parts. Jensen (71) traces the 
history of attempts to control contagious bovine abortion in Denmark. The disease 
was first made notifiable in 1920. The law was revised in 1927 and compels cattle 
owners to isolate all bulls, cows and heifers for a certain time after a case of abortion 
has been observed. The animals may not be sold for meat and must have no contact 
with other herds. Free diagnostic work in connection with the disease is carried out 
by the State Veterinary Service. In Canada, according to Cameron (72), assistance is 
offered to stock owners in controlling this disease by conducting blood tests of their 
cattle in order that the infected animals may be segregated or slaughtered as the 
circumstances warrant. He reports that eighty-one herds are under supervision. 
Barnes et al. (73) show that thirty-two of the American States have now schemes 
in progress for the control of contagious abortion, and most of them have regulations 
governing the blood testing of incoming cattle. In the British Isles the State takes 
practically no active part in attempting to control the disease. 


VACCINATION AND ISOLATION. 


There exists much diversity of opinion as to (1) whether vaccination is of any 
value, (2) whether vaccination should be used as a measure of control, and if so, 
whether a live or dead vaccine should be recommended, or (3) whether reliance 
should be put on the agglutination test and subsequent isolation of reactors. 

The general consensus of opinion seems to be against the use of a dead vaccine. 
A small experiment was undertaken by Tullberg (74) to find out whether or not the 
subcutaneous inoculation with Br. abortus dead vaccine confers any resistance against 
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abortus infection. Of four pregnant cows, two received dead vaccine before receiving, 
two months later, the same dose of living culture as was administered to two un- 
vaccinated controls. The vaccination did not appear to confer any immunity. 

Zwick (75) mentions several workers who have described beneficial results in the 
control of abortion with living vaccine in badly infected herds. He concludes that, 
although hygienic measures must never be disregarded, the eradication of abortion 
by such means is not economically possible except in suitable and very slightly in- 
fected herds. He recommends vaccination with living culture. Schumann (76) gives 
an account of the control of abortion and sterility in 473 large herds in Lower Silesia. 
Abortion had occurred in 244 herds. In fifty-five of these no further case occurred 
after one vaccination with living culture. In sixty-five herds only isolated cases 
occurred. The average number of abortions in these herds before vaccination was 
22 per cent. In ten herds which were not vaccinated, but which were kept under 
observation, the percentage of abortions remained fairly constant—about 19 per 
cent. In fifty herds containing 3242 animals in which vaccination with living culture 
was carried out irregularly, 439 cases of abortion occurred during the period of three 
years, 7.e. 4:5 per cent. each year. In 106 herds with 6223 animals which were regu- 
larly vaccinated the annual abortions were 2-2 per cent. The author concludes that, 
if vaccination with living culture is carried out regularly on non-pregnant animals 
and in conjunction with hygienic measures, it can bring about a decrease of abortions 
from 22 to 2 per cent. Roger (77), after enquiries made in Switzerland, Denmark, 
Belgium, and France, concludes that the injection of living culture is to be recom- 
mended because it reduces the number of abortions to a low figure and consequently 
limits the chief method of spread. Gétze and Muller (78) conclude that, while hygienic 
precautions are very necessary, abortion can only be controlled by the use of live 
vaccine. They emphasise that only non-pregnant animals must be vaccinated and 
service must not be allowed until after twelve weeks from vaccination in heifers and 
eight weeks in cows. In their experiments they found that the vaccination of calves 
with large doses of living culture had no beneficial results. A series of forty animals 
from three months to two years of age showed that a response, detectable by agglutina- 
tion, was first evident at about five to six months, and that in animals of one or two 
years high titres were constantly obtained. Provided that these animals were not 
served until twelve weeks after receiving the live culture, gestation was normal. 
Gétze and Muller conclude that abortion may be caused at any age during gestation 
by injection of the living culture, but that it is likely to be delayed if the injection is 
made during the last two months. It is emphasised that injection of living culture is 
only a method of transferring the stage of infection to a period at which it has least 
effect, and that attempts should still be made to find an efficient dead vaccine. 
Tobback (79) gives evidence of favourable results following the use of living vaccine in 
Belgium. Cotton and Buck (80) found that the inoculation of calves with live vaccine 
conferred a considerable degree of immunity during the first period of gestation and 
they believe that the protection persists for a number of years. In Southern Rhodesia, 
according to Bevan (81), a so-called “devitalised vaccine” (cultures of local strains of 
Br. abortus destroyed by exposure to chloroform) has been used with beneficial 
results. 

As is pointed out by McFadyean (82), results of vaccination in this country lose 
much of their value owing to the lack of satisfactory controls. He emphasises the fact 
that the use of living vaccines is an intentional infection of cows and heifers with 
enormous doses of living, fully virulent cultures of the organism which is itself the 
cause of the disease. He states that the widespread uncontrolled use of such a vaccine 
is indefensible. McFadyean is of the opinion that as the organisms which gain access 
to the body by means of vaccination can become located in the udder and secreted 
11-2 
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in the milk, they are a potential source of danger to humans consuming milk from 
vaccinated animals. He favours a modified isolation method of control, based on the 
agglutination test. Andrews (83, 84) is another supporter of isolation methods, es- 
pecially where the two herd system is possible. This author is, however, not wholly 
antagonistic to the use of living vaccines. He reports that, although dead vaccines 
can confer a limited degree of immunity, such protection is comparatively small as 
compared with that which results from the use of living vaccine. He also points out 
that living vaccines have been used with considerable advantage in many badly in- 
fected herds. Minett (85), in the discussion on Andrews’ paper, condemns the principal 
involved in the use of living vaccines and favours hygienic measures of control. 
Lathe (86) is also in favour of eradication by the isolation of blood reactors, and 
Kitselman (68) states that the eradication of Bang’s disease in cattle, based upon a 
system of sanitation and the blood test, as is advocated by many States, is slowly but 
surely controlling abortion disease, and is the safest programme available to-day. 
Cotton (87) gives it as his opinion that abortion can be eliminated from any herd pro- 
viding there is no restriction in the time and money available. He shows how different 
methods of procedure must be employed in individual herds in accordance with their 
particular circumstances. Barnes, Killham, Axby and Wisnicky (73) report that in 
America the only successful method yet demonstrated of eliminating Bang’s disease 
from infected herds is through the use of the agglutination test and the elimination of 
the reactors. Furthermore, they hold that live vaccines should still be regarded as 
being in the experimental stage and should be used only under official supervision. 
Jensen (88) gives a list of figures dealing with the situation in Denmark. He shows that 
the living vaccine is apparently much more efficient than the dead vaccine, but the 
experiments quoted lose much of their value owing to the absence of unvaccinated 
controls. Several experiments were later carried out and controls were kept. The final 
results obtained were not satisfactory, though the author concludes from them that 
vaccination with living cultures has not a sufticient immunising effect to justify its 
general employment. In addition the recently recognised pathogenicity of Br. 
abortus for the human subject is calculated to raise great misgivings regarding such a 
procedure. 

Edington and Braerman (89) carried out experiments to determine if abortion 
would be produced in heifers artificially infected with Br. abortus when sexually 
mature but protected from additional infection for a period prior to breeding. The 
animals were infected either by feeding or by vaginal injections of cultures of Br. 
abortus. It was found that abortion occurred in all animals which were infected after 
being bred and that no abortions occurred in the group of animals which were bred 
after infection. Five heifers were used in a small experiment carried out by Dalez (9). 
These animals had received an intravenous injection of a pathogenic strain of Br. 
abortus as calves. When they were bred and had proved pregnant, two were given 
further similar injections. The calfhood inoculation demonstrated no appreciable 
safeguard against the later exposure to infection. 

According to Cotton and Buck (91) it was found to be economically possible to 
control the disease in some herds and to eradicate it in others by systematic testing 
combined with the isolation or disposal of reactors. They found that vaccination with 
an avirulent strain of Br. abortus was not an unqualified success. It appeared to 
confer considerable resistance to infection in pregnant animals but was useless when 
administered before conception. Encouraging results were obtained with moderately 
virulent vaccines. A marked degree of protection was conferred on heifers by vaccina- 
tion prior to conception. Their agglutination titres, although showing a temporary 
rise, soon became markedly reduced and in some instances completely disappeared. 
As the result of vaccination, Br. abortus sometimes became localised in the udder and 
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this must be regarded as a serious objection to the method, on account of the potential 
danger to man from infected milk. 


SIGNIFICANCE OF PORCINE STRAINS OF BR. ABORTUS. 


While contagious abortion in cattle, due to the porcine strain of Br. abortus, does 
not appear to be a cause of anxiety in the British Isles, it is of considerable importance 
in some countries. 

Harms (92) considers the possibility of abortion occurring in cows as a result of 
infection with Br. abortus suis. Such animals, although aborting, would possibly give 
negative results to the agglutination test if the antigen was prepared from Br. abortus. 
Kitselman (68) holds that some of the herds in the United States are infected with 
Br. abortus suis. It has been shown by Cotton and Buck (91) that porcine strains of 
Br. abortus are more virulent than bovine strains for guinea-pigs, and that the lesions 
are different. The strains are also different in their behaviour towards bovines and 
pigs. The porcine strain failed to infect bovines by natural means, and vice versa. 
Infection could be induced, however, by intravenous inoculation. Star (93) showed 
that the application of cultures of Br. abortus suis to the scarified skin of one calf and 
to the eye of another was followed by the appearance of low titre agglutinations in 
the blood. These persisted for a short time, disappeared, and then reappeared after 
repetition of the same procedure. Two other calves to which the same cultures were 
applied, by way of the unaltered skin and shaved skin respectively, reacted regularly. 
The same experiment, repeated with bovine cultures, resulted negatively in all four 
calves. 

On several occasions during recent years porcine strains have been isolated from 
bovines, and in view of the known pathogenicity of these strains for man more in- 
formation as to the origin of such infections is essential. 


PERSISTENCY OF AGGLUTININS IN THE BLOOD. 


It appears that calves receiving milk containing Br. abortus become reactors to 
the agglutination test, but that the agglutinins disappear when the calves cease to 
receive the milk. They usually become negative reactors within six months or less. 
Experiments demonstrating this fact have been carried out by Thorp and Graham (94), 
Huddleson (95), Huddleson and Halsey (96), and Little and Orcutt (97). When bovines 
become infected at a later period it is generally believed that the antibodies persist 
and that, when once an adult animal has given a positive reaction, it will continue 
to do so indefinitely. Some doubt is thrown on this supposition by Hadley and 
Welsh (98), who state that a certain proportion of cows which react positively to the 
agglutination test, especially those which react only in low dilutions, may in time 
overcome the infection. A herd was tested by them at frequent intervals over a two- 
year period. A certain number of high titre reactors developed into low titre reactors, 
while a small number became negative. All cows with low titres eventually became 
non-reactors. Newson and Cross (99) also give an account of low titre reactors which 
become negative. There can be no question as to the importance of this observation, 
and it should be comparatively easy to check these results by the periodical testing 
of a large number of reactors over a considerable period. 


SIGNIFICANCE OF INFECTED BULLS. 


The extent to which infected bulls transmit abortion infection has never been 
clearly decided. It is always recommended that a reacting bull should not serve non- 
teacting cows or heifers and that any bull used to serve infected cattle should not be 
used on clean stock. McFadyean and Stockman (100), however, failed to infect clean 
cows by breeding them to an abortion infected bull. Similarly Hadley and Lothe (101) 
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were unable to infect non-reacting virgin heifers by mating them with reacting bulls, 
Hadley and Osborn (102) conclude from their experiments that testicular infection 
with Br. abortus occurs in the bull as a result of natural contact. Bulls discharging 
Br. abortus in their semen are not necessarily capable of infecting cows which they 
serve. Bulls may be used for years in badly infected herds and yet not acquire in- 
fection. The fact that a bull reacts to the blood test for abortion is not conclusive 
evidence that abortion bacilli are being excreted in his semen. The higher the 
agglutination titre in a bull, however, the greater the possibility of his having an 
active infection in some organ of the urogenital system. Préscholdt (103) gives full 
details regarding the methods of introduction of contagious abortion into thirty clean 
herds, and in some of the cases he concludes that infection was carried by bulls which 
had served infected cows. King (104) gives an account of the result of testing 104 bulls 
for contagious abortion. He found 9-6 per cent. were positive. Four of these showed 
clinical evidence of disease of which orchitis was the most common. One bull 
was examined post mortem and lesions in the testicles and prostate were found. 
Br. abortus was isolated from the seminal vesicles of this animal. 


TREATMENT OF ABORTION. 


Although the direct treatment of abortion by the administration of therapeutic 
agents does not receive much practical consideration, experiments are carried out 
from time to time with various drugs and dyes. 

Slatter and Graham (105) worked with three groups of animals, each consisting of 
six animals positive to the agglutination test. These animals were treated for eight 
months with trypanblue, thiorin and pyronin respectively. No evidence was ob- 
tained, however, to suggest that any of these substances altered the agglutination 
titre of the blood or milk sera. According to Schubert (106) the intramuscular injection 
of trypanblue at regular intervals may be accompanied by decidedly beneficial re- 
sults. G6tze and Muller(107) made unsuccessful attempts to control infection with 
trypanblue, trypaflavine, methylene blue, targesin, naganol and tartanus stibiatus 
by various routes. The possible correlation between abortion disease and some 
dietetic deficiency was examined by Hart, Hadley and Humphrey (108). They carried 
out an experiment in which they exposed two groups of heifers to infection with 
Br. abortus. One group received a so-called ‘“‘ good ration” which was rich in all the 
known nutritive factors, with an abundance of calcium, phosphorus, chlorine and 
iodine; there was a liberal supply of protein and of vitamins A and D, and the diet 
was liberal in quantity. The other groups received a so-called “poor ration.” It was 
relatively low in calcium but had a fair content of phosphorus and protein. Common 
salt was added to the diet. It was found to meet the normal needs of the animals and 
to allow of fair to liberal milk production. It was not intended to cause a physio- 
logical disturbance. From these experiments the authors concluded that a high plane 
of nutrition had no effect whatsoever in developing a resistance in cattle to infection 
with Br. abortus as compared with the poor ration. In a herd of twenty-two animals 
on the good ration and twenty-two on the poor ration, purposely exposed to abortion 
infection, eleven of the former aborted as compared with eight of the latter. It was, 
however, clearly demonstrated that a herd can be assembled and kept reasonably 
free from contagious abortion if the foundation animals are bought as blood tested 
calves from clean herds, segregated and re-tested from time to time. The bull used in 
the badly infected herd did not acquire the infection. 


METHODS OF INFECTION. 
It is well recognised that the chief source of infection is by means of the large 
numbers of bacilli which are present in aborted foetuses, the foetal membranes, and 
uterine discharges which escape at parturition. It is also known that ingestion is 
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responsible for a great number of infections. It is, however, becoming more and more 
evident that other methods of infection can, and probably do, play an active part in 
the spread of the disease. Cotton and Buck (80) record that out of twenty-six pregnant 
animals inoculated with Br. abortus through the conjunctiva, twenty-five contracted 
infection and twenty-two aborted. They reported in a previous publication that four 
out of seven animals had been successfully infected through the intact skin. Two 
boars and twelve pregnant sows were exposed via the conjunctiva to a virulent 
porcine strain of Br. abortus and all but one became infected. Bang (109) describes 
investigations which deal with the transmission of the disease through the skin. He 
mentions success in transmitting the malady to seven cattle through the intact skin 
and to two through the scarified skin of the teats, by using emulsions of Br. abortus, 
infected placenta and culture suspensions. In a later experiment Cotton, Buck and 
Smith (110) indicated that pregnant susceptible cattle may be readily infected with 
Bang’s disease by the application of suspensions of Br. abortus to a slightly abraded 
area of skin. When these suspensions were applied to the intact skin the infection was 
conferred less regularly. It was not always possible to infect the animals through the 
intact skin even when they were submitted to two exposures. Work of this nature has 
also been carried out by Star (93). This author concludes from his experiments that 
skin and mucous membrane contact may be responsible for many of the low titre 
positive reactors found in cattle and in swine. 


UDDER INFECTION. 

It is a well-established fact that the udder is a seat where Br. abortus constantly 
settle. The bacilli appear to cause no clinical disturbance and are chiefly of importance 
from a public health aspect. They are excreted constantly in the milk from such 
udders, and are associated with the occurrence of cases of undulant fever in man. The 
fact that suckling calves receive large doses of these organisms does not appear to be 
a cause for anxiety, since the agglutinins, which appear in the blood of such calves, 
disappear at about six months of age or less. Agglutination tests of the whey of milk 
from infected udders indicates that to a limited extent such a reaction may be used 
for diagnostic purposes. Tullberg (111) examined milk from each quarter of fifty-four 
cows in the herds. The milk was inoculated into guinea-pigs and agglutination tests 
were made with their blood serum. When the blood agglutination titre was 1 : 100 or 
more Br. abortus were found in the milk in more than 50 per cent. of cases. When the 
titre was 1 : 70 it was found in 19 per cent. of milk samples, while when it was between 
1:10 and 1: 20 only 3 per cent. of the udders were infected. The .xamination of 2079 
samples of mixed quarter milk by Schmidt (112) showed that 10 per cent. contained 
abortion bacilli, but in none of these cases was there any associated udder dis- 
turbance. Montgomerie and Rowlands (113) made a comparative study of the presence 
of Br. abortus agglutinins in 615 samples of blood serum and milk from 314 cows of 
known history. The object of this investigation was to determine whether an ag- 
glutination test of milk whey would be of value in detecting infected animals, the 
blood serum of which fails to react to the agglutination test until after calving. The 
agglutination tests of blood serum and milk whey were in agreement in 88-5 per cent. 
of the samples. The authors concluded, however, that the milk whey was not so 
teliable as the blood serum. Klarin (114), by inoculations into guinea-pigs, investi- 
gated the occurrence of Br. abortus in milk from sixty cows which had aborted. He 
found that 70 per cent. of them excreted bacilli in their milk. The milk was, moreover, 
usually infected within a week of abortion and the bacilli were usually present in the 
milk for two months or longer. Gilman (115) concludes from his investigations that 
there is a considerable degree of correlation between the milk titre and its Br. abortus 
content. Other papers to which reference may be made include those by Schroeder 
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and Cotton (116), Cotton and Buck (80), Wood and Illing (117), Gill(118), Bang and 
Bendixen (119), Beattie (120), and Gaiger and Davies (121). . 


III. MASTITIS. 


MoRPHOLOGY OF CAUSATIVE ORGANISMS. 


The study of the morphology of the various bacteria associated with mastitis has 
occupied the attention of many workers during the last few years and the biochemical 
properties of these organisms have also been studied in considerable detail. The great 
majority of cases of mammitis appear to be due to members of the streptococci group. 
Rosell (122) believes that 98 per cent. of cases of mastitis in highly productive herds 
are of a chronic nature and caused by streptococci. He bases his opinion on the exami- 
nation of nearly 2700 samples of milk from separate quarters. Minett, Stableforth and 
Edwards (123) point out that an acute type of streptococcus mammitis is more com- 
mon than is generally recognised and may at times assume great importance. This 
acute type is distinguishable bacteriologically from the more prevalent chronic type. 
Deep-seated or parenchymatous inflammation of the gland is recognised to be chiefly 
associated with such organisms as staphylococci, Bact. coli and Coryn. pyogenes, 
while the more prevalent chronic catarrhal form, spreading by contagion, is due to 
streptococci. It is now recognised that the majority of streptococcus strains which 
can be isolated from cases of mastitis belong to a fairly well defined group to which 
the name Streptococcus mastitidis contagiosae has sometimes been applied. According 
to Klimmer and Haupt (124) the proper designation of this group should be Str. 
agalactiae. It is stated by Klimmer, Haupt and Roots (125) and Haupt (126) that it is 
only in isolated instances that mastitis is caused by streptococci other than Str. 
agalactiae. In Austria Diernhofer (127) expresses the definite opinion that, while 
mastitis may be so caused, cases are comparatively rare. Minett, Stableforth and 
Edwards (128) record that, of the streptococcus strains isolated from eighty-two 
clinical cases of bovine mastitis, fifty-two could be classed as haemolytic and 
thirty as non-haemolytic. Edwards (129) examined 107 strains of non-haemolytic 
streptococci. He placed these strains into four groups: (1) twenty-five strains 
with similar characters to Str. agalactiae. These were in long chains and were 
mostly isolated from cases of chronic catarrhal mastitis. (2) Twenty-two strains 
of short chains which were isolated from cases of more acute mastitis. (3) Thirty- 
three strains of short chains which were from milk showing definite abnormality, 
although in the majority of cases the changes were slight. (4) Twenty-seven strains 
of very long chains which were non-pathogenic, and in which was no evidence of their 
association with mastitis. Reis and Swensson (130) give a full description of the 
morphology, cultural characteristics and haemolytic and biochemical properties of 
fifty-four strains of streptococci isolated from typical cases of mastitis in various parts 
of Sao Paulo. These authors found that in such cases the streptococci flora were 
heterogeneous, but no particular species could be incriminated. They apparently did 
not encounter the so-called Str. mastitidis. Seelemann (131) has written one of the 
most extensive works on mastitis published to date. He states that he has not found 
a single streptococcus with the typical characteristics of Str. mastitidis which was also 
haemolytic in action. Similar statements have been made by Rudolf (132), Kollenz (133) 
and others. Rosell (134) reports that out of more than 400 strains which were isolated 
in Canada and the United States only 12 were betahaemolytic. From some of 
these haemolytic strains there was found, on subsequent examination, a mixed 
infection with haemolytic micrococci. Other workers who have described these 
mastitis streptococci include Andrewes and Horder (135), Jensen (136), Sherman 
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and Albus (137), Holman (138), Sherman and Stark (139), Demeter (140), Jones (141), 
Sande (142), Henneberg (143), and Weigmann (144). 

Hadley, Frost, Gumm and Welsh (145) give an account of the association of Str. 
epidemicus, the streptococcus usually associated with septic sore throat, with cases 
of mastitis. Similar work is described by Hadley (146). 

From time to time coliform bacteria have been associated with mastitis. Rolle (147) 
gives a summary of the bacteriological findings in 200 cases of the disease. He reports 
that 34 per cent. were due to these organisms, 50 per cent. were due to streptococci, 
11 per cent. to micrococci, and 5 per cent. to Coryn. pyogenes. After a brief 
reference to previous work, details are given of four typical examples of coliform 
mastitis, together with a summary of the general findings in sixty-eight cases. In 
seven cases death resulted, in nine cases slaughter was deemed advisable, and in the 
remainder recovery followed. Lesbouyries, Adam and Argoud (148) describe severe, 
even fatal, cases of mastitis due to a non-motile coliform bacterium. They found that 
out of 1883 cases of mastitis, 125 or 6-5 per cent. were due to these bacteria. 

From time to time organisms other than those mentioned are, of course, isolated 
from diseased udders, e.g. Mycobacterium tuberculosis, Actinomyces, and Br. abortus 
Bang and others. Infections associated with these organisms are not generally classed 
under the heading of mastitis. They are therefore not discussed here. 


PROPHYLAXIS, TREATMENT AND CONTROL. 


No method of treatment of mastitis can be claimed to be satisfactory. In many 
cases apparent cures may follow the application of various remedies, while in others 
the condition does not yield to any of the usual lines of treatment. The drugs which 
have been tried internally and locally are as numerous as they are varied. The most 
numerous records of attempted treatments are undoubtedly in the hands of private 
veterinary practitioners and are consequently not available for discussion. There are, 
however, one or two experiments which may be presented. Conklin (149) showed that 
the intravenous injection of colloidal carbon greatly increased the number of poly- 
morphonuclear leucocytes in the blood. He further asserts that it increased the 
phagocytic properties of the leucocytes and raised the opsonic index. Beneficial re- 
sults were obtained in the treatment of over 100 cases of septicaemia and pyogenic 
infections, including mastitis cases in domesticated animals. Gildow, Hansen and 
Cherrington (150) noticed, however, that there was no consistent reduction in the 
number of bacteria or leucocytes in the middle milk of cows affected with subacute 
or chronic mastitis when treated by either of the following methods: 

(1) Formalin—seven cows were drenched with one ounce of formalin in a quart 
of diluted blackstrop molasses at daily intervals for four or more days. 

(2) Colloidal carbon—six cows received three 50 c.c. intravenous injections of 
Kallo Karbo at intervals of two or more days. 

Possibly the most common method of treatment of cases of mastitis is by the 
administration of internal laxatives, combined with the constant stripping of the 
infected gland. This is often supported by hot local fomentations or the local applica- 
tion of stimulants to the gland. Seelemann (151) found that with two cases under his 
notice in which stripping of the gland was carried out every three hours, day and 
night for 34 days, the streptococci still remained. He repeated the treatment eight 
days later, this time on fifty-two occasions, and in one animal combined with thorough 
massage. The organisms still remained. He concludes that although a definite im- 
provement of the condition of a quarter, and a decrease in the number of streptococci, 
may result from frequent stripping, a permanent elimination of the bacteria is hardly 
possible. This opinion is one which is shared by other workers. Rolle (147) found that 
the causal bacteria were uninfluenced by rivanol 1: 1000 but were inhibited by 
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chinosol 1: 10,000. He believes, however, that massage and stripping are of more 
value than infusions. 

Many attempts have been made, both practically and experimentally, to control 
mastitis by the use of a large variety of vaccines. The resulting evidence as to their 
efficiency is very conflicting. Torrey (152, 153) mentions certain favourable results ob- 
tained from vaccination of infected animals. Bryan (154) found that vaccines of the 
autogenous type, as well as lacto vaccines, were of value in treating infectious mastitis, 
He considers that the effectiveness of the vaccine depends on the extent of the 
disease and the response of the animal to the vaccination. He also noticed that a 
definite protection was afforded to non-infected animals in an infected herd by both 
autogenous vaccines and lacto vaccines. He states, moreover, that the living culture 
vaccines can apparently be used with safety, since no localised infections in the udder 
resulted after vaccination. In an experiment carried out by Rosell (122) both dead 
and living “ polyvalent auto-vaccines”’ were used, together with injections of milk or 
protein, to treat 168 diseased animals, which were also given “weak formalin milk” 
injections and milk three to five times daily. The results are given as 77 per cent. 
effective. Carpenter (155) reported satisfactory results with a living alpha haemolytic 
streptococci vaccine in a herd of 123 cows. Gildow, Hansen and Cherrington (150) 
found that there was no reduction in the number of leucocytes or bacteria, in the 

cases of mastitis already mentioned, following the injection of autogenous vaccine. 
Eight animals were treated in this experiment, ‘each cow being injected ‘subcutaneously 
on alternate days, generally for three injections of 4, 8 and 12 c.c. respectively. 

It seems that there is quite commonly an apparent improvement following the 
administration of autogenous vaccines, but the causal organisms do not seem to be 
removed and recurrences of the disease are quite common. This is the opinion of many 
workers, including Brigham, McAlpine and Anderson (156). 

Minett, Stableforth and Edwards (157) do not favour control by these methods, 
They maintain that the hygienic measures recommended by them are more reliable 
and effective, and in the publication mentioned they give evidence in support of this 
contention. Similar views are held by Udall and Johnson (158). 
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